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A voluminous literature including a number of comprehensive reviews has 
appeared as a result of current interest m antibacterial agents (Waksman, 1941, 
Dubos, 1912, van Niel, 1913, Martin, 1911, Woolley, 1945-1946) Those sub- 
stances which arc active in the presence of scrum and have a high therapeutic 
inde\ have attracted the gicatcst attention because of their application to clinical 
medicine Recently a search for preservatives for concentrated protein solu- 
tions has led to the study of carbo\ylmctho\ylaminc hcmihydrochloride This 
hydro\ylaraine, hercaftei called compound I, in concentrated protein solutions 
has been found to be bacteriostatic against a n ide variety of gram-negative as 
well as gram -positive microorganisms Although its clinical toxicity, described 
elsewhere (Favour, 19 17), largely limits it to in vitro vork, it nevertheless has 
many practical uses Accordingly, its antibacterial properties arc presented as 
the subject of this report 


EXPLIUMENTAL EESULTS 

Physical properties Compound I is a slightly hydroscopic, white, crystallme 
poi\der which is readily soluble in the usual bacteriological cultuie media and 
in concentrated protem solutions In aqueous solution it is an acid It retains 
its antibiotic powers when buffered m neutral or alkaline solutions, after filtra- 
tion or autoclaving, and during many montlis of storage m solution 
Procedures Using the pour plate method and cultures in the logarithmic 
growth phase, a number of bacterial species were studied (table 1) Much of the 
detailed work was done wnth a strain of Escherichia coh the susceptibility of which 
to the compound was intermediate and constant, permitting its use for bioassay 
of stoied and otherwise treated solutions 
In the course of the study we were supphed wnth two so-called “room tempera- 
ture” cohform orgamsms which had been recovered from human albumm dunng 
processing For some time they escaped detection by the usual cultural routines 
because they were inhibited or killed at 37 C but gie\/ on ordinary media at 23 C 
One of these was spontaneously resistant to the compound The “indicator or- 
ganism” (table 1) was recovered from a bottle of bromth 3 mol blue In the 
species studied there w'as no relation between relative lesistance and abihty to 
ferment sugars (see comments on mode of action) Brucella, for example, a non- 
carbohydrate fermenter, was among the most susceptible organisms studied 

* This work has been earned out under a contract, recommended by the Committee of 
Medical Research, between the OfRce of Scientific Research and Development and Harvard 
Umversity 
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Drug Tesistctnce A smgle colonv of thp isf-nnl- t? ^ i i 

broth containing ascending concentrations of the compound The first tube 


Approximate 


TABLE 1 


amount of compound I required to inhibit 1,000 organisms 
ond in albumin 


per ml in broth 



UiYIHC DIGEST BSOTH 

Escherichia coli 

mg Vo 

20 

Eberthella typhosa 

30 

Salmonella paratyphi 

20 

Salmonella schottmuellen 

20 

Salmonella choleraesuis 

20 

Shigella paradysentenae 

20 

Shigella sonnei 

20 

Proteus vulgaris 

50 

Proteus 0\k 

20 

Proteus O'clO 

20 

Proteus 0x2 

20 

Pseudomonas aeruginosa 

50 

Vibrio metchnikovii 

10 

Brucella abortus 

30 

Corynebactenum diphthenae 

10 

Corynebactenum hofmanii 

10 

Bacillus sublilis 

10 

Bacillus anthracis 

10 

Staphylococcus aureus 

10 

Staphylococcus albus 

10 

Streptococcus pyogenes 

10 

Streptococcus mridans 

10 

Diplococcus pneumoniae type III 

10 

Mycobacterium tuberculosis 

Albumin-oleic acid me- 
dium with 20 mg % 
compound 



25% BUIUU ALBtTULN 


mi% 

20 

20 

20 

20 

20 

20 

20 

30 

20 

20 

20 

20 

10 

30 

10 

10 

10 

10 

10 

10 

10 

10 

10 


Note Spontaneously resistant organisms follow 


"Room temperature organism” 1 

1,000 

? 

“Room temperature orgamsm” 2 

100 

30 

“Indicator organism” 

150 

? 

Yeasts 

1,000 


Molds 

Grew on plates contain- 
ing 50 mg % 


Viruses 

See discussion 



showing visible growth was similarly subcultured m a second senes of ascending 
concentrations of the compound and the process earned through 18 such sub- 
cultures In the first subculture the E coh resistance jumped from 20 to 125 
mg per cent, at which it remained thereafter ComcidentalJy, the orgamsms 
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which did grow Mere small, greM’ very slowly, and on the first subculture on drug- 
free medium usually failed to take up the red dye from McConkey’s medium or 
to form the usual surface colonics The first or second subculture on normal 
medium restored cultural morphology and the original drug sensitivity Fer- 
mentation studies on organisms taken from the small phase were the same as 
those from normal E colt, perhaps because of the rapid return to their previous 
groM ih rharactcnstics 

Sporeforming organisms (Bacillus subltlis and Bacillus anihracis) in the vege- 
tative phase behaved like E colt Inhibited cultuics, hoM'cvcr, could be sub- 
culturcd even Mhcn exposed to 100 mg per cent compound for 13 days Ten 
mg per cent compound Mas inactive against spores even when the temperature 
was held at 58 C for 2 hours 




LOG OF 
NUMBER OF 
ORGANISMS 
PER ML 




DAYS 


Fio 1 Lv Vitro Activitt of CARDOxrLiiETiioxYLAiiiNE in 25 Per Cent ALBOinN on 

E COLI 


Sporeforming organisms (Bacillus subhhs and Bacillus anihracis) m the vege- 
tative phase behaved like E coli Inhibited cultures, hoM^ever, eould be sub- 
cultured even Mhen exposed to 100 mg per cent compound for 13 days Ten 
mg per cent compound Mas mactive against spores even when the temperature 
was held at 58 C for 2 hours 

Drug concenlration With the use of small mocula of E coh m a relatively poor 
medium (25 per cent human albumin) a difference between bacteriostatic and 
bactericidal drug concentrations can be seen (figure 1) The difference betM^een 
these concentrations is greater for a relatively resistant orgamsm such as Proteus 
vulgaris (figure 2) and less for a susceptible orgamsm such as the hemolytic 
streptococcus (figure 3) 

Size of mocula From 2,000 to 10,000 orgamsms per ml, dependmg on other 
factors, are prevented from growmg, but the larger mocula are not inhibited by 
proportional increases m drug concentration unless the medium is very poor m 
growth factors (figure 4) On the other hand, very small mocula m a poor me- 
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(figure 1 / ^^n^ocS'm ^ 0 ^ 0 ^ concentration 

a larger inoculum m the same drug concentra“on 



DAYS days 

Fia 2 Effect of Cabboxtlmethoxtlaminb on Pboteub vulqabib 
Tstptic Dioebt Bboth 


BETA HEWOLTTie STREPTOCOCCUS STAPXTLOCOCCUS AUACUS 



Fig 3 In Vitbo Activitt of CABBOxYiAtETHO'crLAinNE in 25 Per Cent Albomin 


'nven moculum m salme will survive longer at an mtermediate drug concentra- 
tion than at a high or low concentration (figure 5) and a moderate moculum m 
water will survive longer with less than the optimal amounts of growth factors 
(figure 6) 

Blocking antibiotic effect When sodium pyruvate and compound I, mg for 
m'^ are added to a medium, the antibiotic effect of the drug is completely 
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blocked Acetone m somewhat higher concentrations also will block the action 
of the compound (see discussion) Thioglycolato (Biewor’s medium) with or 
without methylene blue completely blocks the antibiotic action of the compound 


tooo 


TRYPIIC OIGCST DflOIH 


NUMBER OF 
ORGANISMS 


I 



01 2349670910 1112 0 



PER ML 


• 10 ua I 
- 20 MO X 

• 90 MO X 



01 234307090 II SO 


k 


- loua X 

- zouo X 

- so us X 


srosottQo 


DAYS 

Fio 4 In Vitro Activitt or CAttBOXiiAiETUO'cri-AuiNB on E coli 



Fig 6 In Vitko Activity of Cabboxylmethoxylaminb on Washed E coli in 085 Pbb 

Cent Sodium CnLoniDB 


Efforts to potentiate antibiotic effect Because of the carbohydrate cycle sug- 
gested for tissues by Toenmessen and Brinkmann (1930), an effort was made to 
inhibit succimc dehydrogenase at the same time compound I was present, using 
lodoacetic acid (Oxford, 1942) and malonate With E coli in tryptic digest 
broth, 400 organisms per ml, and varying concentrations of compound I from 2 
to 20 mg per cent, it v as found that similar concentrations of lodme-free lodo- 
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“ “■* "'>■ P'-- '0“‘. >■■"'0 a natural 

antibaotenal po«,er which varies mlh the lot and the bacterial species Growth 



J^G 6 In Vitko Activitt of Cabboxyuiethoxtlaminb on Washed E ttphi 


s 


Z US % 


LOG OF 
NUMBER OF 
ORGANISMS 
PER ML 



2 _ _ eONTROU 

4 0 

23 C 

37 c 


0 1 2 3 4 S 



DAYS 

Fig 7 In Vitbo Activitt of C^bboxtlmetuoxtlami'TE in 25 Peb CEhT 

AXBOinN ON E COLI 


mlubition. or bactonal deatb takes place during 3 to 5 days at 37 C Thereafter, 
bacteria grow luxunantly m globuhn unless inhibited by a preservative 

Tzme of drxig exposure In tune bacteriostatic concentrations of compound I 
are bactencidal but not necessarily so (figure 6) Shdes of cultures taken in the 
bactenostatic phase show pleomorphism, gigantism, and failure of complete 
fission Pour plate studies m this mterval show no mcrease in the number of 
viable orgamsms (See, also, comments on efforts to induce drug resistance ) 
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19 IS) 

Temperature Unlike bomc metabolic inhibitors, such as mercury derivatives, 
compound I is rel itivcly in ictivo at low temper iturcs (figure 7) 

Media A bin ill inoculum is more readily suppressed and killed m a poor 
medium than in a medium with m iny growth factors (figure 4) Nonnutrient 
medium docs not ncccss^irily potentiate compound I on proportionately larger 
inocul i (figure 0) Even the presence of the small amount of phosphate ions 
used to idjust the pi I to neutral may alter the survival time of bacteria (figure 6) 
On the other hind, twice molar glucose or equimolar lactate in broth, each in- 
direct sources of pyruvate m the body, do not alter the antibacterial properties 
of the compound 


DISCUSSION 

The present studies on carbo\ylractho\ylamino hemihydrochlonde indicate 
that it belongs to the group of metabolic inhibitors Like the arsenicals it has 
a low therapeutic index, and like the sulfonamides it is bacteriostatic and must 
be used in rclitivcly high concentrations Like penicillin (Oxford, 1942) it 
prevents cell division and promotes bacterial pleomorphism iVnd finally, like 
the salts of heavy metals, its wide range of biological toxicity is matched by its 
antibacterial effects on i broad range of bacterial species Unlike most such 
agents, its cfTccts arc limited to small inocula Although it is too toxic for use 
as a preservative in large-volume, parenteral solutions, it has certam special 
uses in wluch other substances are ineffective Among these is the preservation 
of blood-typing serum, bacterial vaccines, and other preparations with a high 
protein content No doubt, in time still other uses will be found An unex- 
plored field IS virus work The influenza virus, PUS strain, is not inhibited by 
bacteriostatic concentrations of the compound (Stanley, 1947) 

Another subject for further study is the mechamsm of action of the compound 
on both tissues and on bacteria Previous reports on the antibiotic effect of 
hydroxylammes have mdicated their wide range of species toxicity (Mayer and 
Oechshn, 1937, Burton el al , 1940) Clarke and associates (1947) demonstrated 
the ability of pyruvate to block the m vivo antibiotic effect of compound I on 
cellular metabolism From these observations it would seem that carboxyl- 
methoxylamine is a metabohe inhibitor by virtue of its abihty to combme with 
alpha ketones m hvmg cells, the most important of these being pyruvate 


CH, 
^C=| 
CO OH 


0 


H 


H 


\ 


N— 0— CH 2 COOH 


CH, 

i— N— 

I 

CO OH 


CH 2 COOH -f H 2 O 


Acetone has a similar blocking action This, Clark feels, is due to the fact that 
oximes undergo appreciable hydrolysis 


(CH3)2C=N0CH2 COl + H 2 O ±5 (CH3)C0 + H 2 NOCH 2 CO 7 



8 


CUTi'lNG B FAVOUR 


(\OL 55 


The pyruvic compound undoubtedly acts similarly, thoush 
equihbnum may not be the same 


the composition at 


CHj C=NOCHjCO," + HiO CHjC=0 + H,NOCHiCO,~ 

If a second aldehyde or ketone is added, the equihbnum is disturbed with the 
regeneration of some of the ongmal carbonyl compound and the formation of a 
new carboxymethoxime For example, if acetone carboxymethoxime be added 
m excess to pyruvate, an appreciable proportion of the pyruvate will be removed 
from the system as its carboxjmiethoxime and a correspondmg amount of acetone 
wiU be hberated 


CH; 


CH, 

^i=: 


cor 

:N 0 CHj COv + CHa C=0 


co: 

I 


0 


CHaC^NOCHaCOr + CHa-C-CH, 


This would explam w'hy acetone carboxymethoxime possesses vestigial anti- 
bactenal properties and w'hy the carbo\ 5 'methoMme of pyruvate, which of course 
is mcapable of tymg up any pyruvate it may encounter, is quite mactive /Vlde- 
hydes and alpha-keto acids other than p 3 Tuvic acid should act in a sunilar fashion 


SUSQIART 

Carboxylmethoxylamme hemihydrochlonde belongs to the group of metabohe 
inhibitors It is bactenostatic m small concentrations (30 mg per cent) and 
bactencidal m large concentrations (100 to 1,000 mg per cent) 

Its antibiotic activity is presumably due to its ability to combine with alpha 
ketones, the most important m h\mig orgamsms being pyruvate Its to\icity 
in vit 0 IS coimteracted by pyruvate, acetone, and thioglycolate, but not by lac- 
tate, glucose, anaerobic conditions, methylene blue or its leuco form, cysteine 
aerobically or anaerobically, lodoacetic acid, or malonate 

Inocula (1,000 orgamsms or less) of a wade variety of common gram-negative 
and gram-positive orgamsms are inhibited Occasional spontaneously resistant 
cohform organisms have been encountered Viruses, yeasts, and fungi are not 
affected by the compound Only the vegetative forms of sporeforming bacteria 
are affected 

The compound is too toxic for large-volume parenteral use However, it 
can be used as a preservative for concentrated protem solutions such as typing 
sera or m vacemes as a supplement to routme aseptic techniques m order to com- 
bat small chance contanunations 
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It has been reported from this laboratory that serum albumin is essential 
for the initiation of growth by small inoeula of tubercle bacilli in a liquid medium 
containing “tiveen SO”* which promotes submerged growth of these organisms 
(Dubos, 1945, Dubos md Davis, 1916) The albumin acts as a protective rather 
than a nutritive growth factor, binding traces of unestenfied fatty acid which 
mhibit growdh of small inocula (Davis and Dubos, 1947) 

The commercial bovine serum albumin, however, also makes the medium 
somewhat unstable, which is particularly important because tubercle bacilh 
grow so slow ly Inocula containing only small numbers of bacilli (ca 10 to 20) 
require a period of cultivation of 2 w'ceks to attain visible growth, yet after sterile 
mcubation of the tw ecn-albumin medium at 37 C for 2 weeks, it was unable to 
support growth of even large inocula It appeared possible that in the race 
between bacterial multiplication and spontaneous deterioration of the medium 
even smaller inocula might be prevented from surviving This prediction could 
be confirmed after the deterioration was traced to hydrolysis of tween 80 by 
hpase in the commercial albumin, which released free fatty acid m bacteriostatic 
quantities e\ceeding the bmding capacity of the albumin Elimination of the 
hpase permitted cultivation of even smaller inocula, such as 2 or 3 bactena 

Lipolysis w'as also found to account for the bactenostatic effect of several 
materials of biological origin (sera, bacterial culture filtrates), observed only m 
media contammg t^veen 80 This effect calls attention to precautions necessary 
m usmg media contammg tween 

The results of the experiments mvolvmg hpase, which have received a pre- 
limmary report (Davis and Dubos, 1946), are presented in this paper Although 
the bactenological W'ork was confined to human tubercle bacilh, the prmciples 
evolved are applicable to the cultivation, m the presence of esters, of any bactena 
that are sensitive to free fatty acid 

EXPERIMENTAL METHODS AND RESULTS 

The methods of cultivation have been reported elsewhere (Dubos and Davis, 
1946) The semisynthetic hquid medium contamed a salt mixture buffered at 
pH 7 0, enzymatic casern hydiolyzate, yeast autolyzate, glucose, 0 05 per cent 
tween 80, and 0 1 per cent bovine serum albumm (fraction V, Armour), unless 

* Tuberculosis Control Division, U S Public Health Service 

* Trade name of a standardized commercial polyoxyethylene derivative of sorbitan 
monooleate 
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othemise specified It was distnbuted m amounts of 5 ml m nido (25-mm) 
metal-capped test tubes The moculum was a standard laboratory strain of 
virdent human tubercle bacilb (H37Rv) that had been grown for many passages 
m the Ween-albumm medium The mocula are designated m the tables°m 
terms of vol^e of a 7- to 10-day-oId culture m the same medium, contaimn- 
aproxunately 1 mg moist weight of organisms per ml, m one experunent (table 
6) accurately measured mocula were used Growth is recorded m the tables m 
terms of a visual estunate ranging from 0 (no visible giowdh) to 4 (full growth 
approximately 2 mg moist weight per ml) ’ 

In experiments mvolvmg prolonged storage of media at 37 C, evaporation 
was prevented by parafilm covering the cotton plugs 
Chermcal estimations of hpase activity were based on a method of extractmg 
and titratmg fatty acid that was developed for this purpose (Davis, 1947o) A 
somewhat similar method of measuring hpase activity was developed simultane- 
ously by Archibald (1946) 


Detenoratton of Tueen-Alhimin Medium 
It was repeatedly observed that sterile mcubation for 14 to 21 days at 37 C 
destroyed the capacity of the medium to support the growth of even large mocula 
of tubercle bacilh Smee the minimal grow'th requirements of tubercle bacilli 
are very sunple, the detenoration of the medium dunng the mcubation seemed 
likely to have been caused by formation of a bactenostatic product rather than 
by destruction of a gro^vth factor The medium could be stored for much 
longer penods m the refngerator w'lthout detenoration 
To detect the unstable component a group of partial media were prepared, 
each lackmg m one of the major components These were stored under sterile 
conditions foi 21 days at 37 C Portions of stenle concentrated solutions of 
each of the components were simultaneously stored in the refrigerator At the 
end of the period of prehmmary mcubation the absent component w as aseptically 
added to each mcomplete batch of medium, so that the final composition of the 
vanous batches w'as identical e vcept for changes that had taken place during 
storage These media w ere then distributed m S-rnl volumes, mocula of various 
sizes were added, and the tubes were further incubated 
The results, which are presented m table 1, show that two components of the 
medium w'ere involved rather than one, deterioration took place onlj if serum 
albumm and tween 80 w ere incubated simultaneously Since other experiments 
had shown that tween 80 contains somewhat bacteriostatic concentrations of 
free oleic acid (Davis, 1947a) and, further, hydrolyzes slowly m aqueous solution 
(Davis, 19476), and smee serum is known to contam hpase, it appeared very 
likely that the commercial albumm was contaminated by traces of hpase that 
accelerated the hydrolysis of the tween, so that after a sufficient penod of in- 
cubation the bmdmg capacity of the albumm for fatty acid w as e .ceeded 
This mterpretation w as strengthened by the observ ations (table -) that further 
addition of albumm, at the end of the prehmmary mcubation, overcame the 
toxicity of detenorated tween-albumm medium and that commercial ciy -.talhne 
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TABLE 1 


DeUnoration of incomplete media during tloragc 


KAXU&C or XtPlUU OOBIMO BTOKAO 

i TrursBA 
TUBS 

or 

j STOkAOft 

to 

1 INOCULUM (UO UOISI WZIOUT) 

10-1 

ir* 

10-* 

Growth* 

KT* 1 

[ 10-« 

Complete 

37 


§ 

0 

0 ! 

0 

Glucose absent 

37 


I 

0 

0 

0 

Casein hydrotyiato absent 

37 i 


0 

0 

0 

0 

Mineral mixture absent 

37 


1 

0 

0 

0 

Albumin absent ' 

37 i 


3i 

2i 

i 


Tween 80 absent ' 

37 

i 

1 

3 

H 

i 

i 

Complete * 

6 ! 

4 

3i 

2i 

IJ 

i 

Complete, freshly prepared i 

i 

4 

3 

2i 

1 



Incompleto media wore alorod for 21 days at 37 C The deficiencies v,erc then restored 
and the complete media inoculated in volumes ot 6 ml. Complete media stored mean- 
while in the refrigerator, or freshly prepared, were inoculated simullaneously 
* Growth recorded at 12 days 


TABLE 2 

Restoration, of m«itum detenoraied during storage stability of medium containing 

crystalline albumin 


uoDincATioH or uzonne 

! TZUrEEA 
TORE 

or 

STOKAOfi 

(C) 

INOCULUM (UO MOIST WElCUr) 

lOrt 

1 io-« 1 

1 1 

ir* 

Growth 

I0-* 1 

i<r* 

None 

5 

4 

4 

3 

21 

0 

C'^atallinc albumin 

5 

4 

31 

3 

21 

2 

Tween 60 

5 

4 

4 

21 ! 

i 

0 

None 

37 

4 

0 

0 

0 

0 

Tween 60 

37 

0 

0 

0 

0 

0 

Crystalline albumin 

37 

4 

31 

^ i 

2 

2 

Additional fract V 

37 

4 

31 

3 ‘ 

21 

11 


Complete media, containing 0 05 per cent tween 80 and 0 1 per cent fraction V, as well 
as media modified as indicated (tween 60, a stearic cater, substituted for tween 80, an oleic 
ester, crystalline albumin substituted for fraction V), were stored at 37 C and 5 C for 
18 days To one lot of unmodified medium additional fraction V (0 1 per cent) was added 
at the end of the period of storage Volumes of 5 ml were inoculated and growth was 
recorded after 14 days of incubation 

The medium containing tween 60 and albumin whnh had been stored at 37 C showed 
a slight precipitate in all tubes following the second period of incubation, as well as com- 
plete absence of growth At this stage of investigation this was the observation which 
led to the recognition of hydrolysis of the tweens by albumin, for oleic acid is more soluble 
than ateanc acid, and hence there had been no visible evidence of hydrolysis of tween 80 
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serum albumin, which is purer than fraction V, did not cause deterioration dunncr 
storage ° 


Presence of Lipase in Commercial Serum Albumin 

Direct proof of this explanation of the mstabihty of the tween-albumin medium 
reqmred demonstration of hpase m the serum albumm All efforts to demon- 
strate hpase by the usual method of measurmg changes m titrable acidity were 
unsuccessful even followmg mcubation of tween solutions with albumm for as 
much as several days, the buffenng power of the albumm concealed any lipolj'sis 
that might have taken place Similar negative experiments were obtamed u ith 
a classical hpase substrate, tnbutyrm It was therefore necessary to develop a 


TABLE 3 


Measurement of hpase tn albumin 


ADDITION TO SDBSIiATE 

TITES N/SO NaOH at tiue 


24 hr 

43 hr 

72 hr 

Control — none 


n 

■n 

0 IG 

Albumin (fract V, unheated) 




0 55 

Albumin -f 0 03% NaF 




0 215 

Albumin heated at 56 C in 1% NaCl, 





pH 5 6 

! 0 15 

1 

0 14 

0 14 

0 133 


The substrate consisted of 0 5 per cent tween 80 in 0 02 u phosphate buffer at pH 7 0, 
or in the mineral mixture (pH 7 0) used in the bacteriological medium, similar results were 
obtained in either medium A senes of tubes containing 10 ml of substrate and albumin 
(1 ml 5 per cent) and fluoride as indicated, were incubated at 37 C, with the addition of a 
crystal of thymol to inhibit bacterial growth At 24 hour intervals a tube from each group 
was extracted and titrated for ether-soluble acid The blank values are high because 
the tween was not freed of fatty acid before incubation 


more sensitive method, mvolvmg extraction of the free fatty acid from the sub 

strate-albumm mixture’ (Davis, 1947a) 

Table 3 shows that the commercial serum albumm hydrolyzes tween 80 It 
further shows, m anticipation of the followmg section, that the lipolytic activity 
IS destroyed by heatmg at 56 C for 30 mmutes, mdicatmg an enzymatic actii ity 
The amount of hpase is so small that mcubation for several days was necessaiy 
for its measurement * 


3 Tween SO was used as the substrate for measuring hpase since it ivM the ester of chief 
bioloeical interest A closely related ester was found to be hydrolyzed by albumin some- 
what more rapidly and hence to serve as a more sensitive substrate This product is desig- 
nated by the ?tla^Powder Companyas G-2l41,it consists of the polyoxyethylene derivative 

of oleic acid and differs from tween SO in the absence of sorbitan 

. tj. Ufa fiiaf thp lioase activity might have been more simpler measured in a ar- 

. It » pos..b e that Ih. .«.my ^ 3 Ibal the aad.t.on of a, 

h„g taat ..l„t..» to a r.ap.t.metor t.,»l ttoalJ 

'3 ".ZTJ 1 .vZ°oa of OPly 4 mS of CO. pe, hoot, —as that th. b.tr.t.,3 

capacity of the ptotem woaid «ot hate inferfcred aitb the gaseoiia cptnbbcaftoo 
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Elimination of Lipase from Albumin 

II was found possible to eliminate the lipase activity by any of three methods 
(a) he iting the albumin sufiiciently to destroy the lipase, (b) using purer albumin 
that IS not contaminated by lipase, or (c) using fluoride as a lipase inhibitor 
Healed albumin Ihe capacity of seiiim to bind fatty acid is dependent upon 
the essentially native configuration of the protein molecule, being destroyed by 
enzymatic digestion or by heating to 100 C even under certain conditions that 
avoid coagulation of the denatured protein (Davis and Dubos, 1947) For- 
tunately, however, the lip.ise proved to be more thermolabile than the fatty- 
acid-bmding capacity of the albumin The lipase effect was completely de- 
stroyed by heating 5 per cent albumin solution at 56 C for 30 minutes In 
order to avoid coagulation of the albumin at this temperature, it is necessary 
either to neutralize the albumin solution (which has an initial pH of approxi- 
mately 5 6) or to add 1 or 2 per cent NaCl The higher concentration of NaCl 
is safer, as 1 per cent is not sufficient to prevent coagulation if the temperature 
rises slightly above 56 C Since the heated albumin solution tends to clog the 
filters by which it is sterilized, it is advisable to filter before heatmg ® 

Since the coagulability of albumin varies markedly ivith salt concentration 
and pH, it was necessary to determine whether the conditions which reduced 
the danger of coagulation of the albumm might not also reduce the destruction 
of hpase Table 4 shows that albumm heated at 56 C under any of the condi- 
tions described above causes no deterioration of the medium following mcubation 
for 20 days, in contrast to unheated albumm The possibility of slight differences 
m residual lipolytic activity of these albumins, of course, is not ruled out by this 
bactenological evidence 

Table 5 presents evidence that the deteriorated medium which had been m- 
cubated ivith unheated albumm contained more free fatty acid than that which 
had been stored m the refrigerator or incubated with heated albumm Smee 
albumm can protect tubercle bacilli against only 1 to 2 per cent of its iveight of 
oleic acid (Davis and Dubos, 1947), the amount of fatty acid freed m the deteno- 
rated medium (0 002 per cent) is sufficient to saturate the protective capacity 
of the albumm (0 1 per cent) Since some free oleic acid is present m the medium 
m addition to that specifically hydrolyzed at 37 C, and is further released durmg 
mcubation, the failure of the medium to support growth is quantitatively ac- 
counted for by its content of oleic acid 

Crystalline serum albumin Crystallme bovme serum albumm, which is puier 
than fraction V, is also commercially available (Armour) This material con- 
tains no significant amounts of hpase, the medium contammg ciystalhne albumm 

‘ Salt was observed to have a dual effect on the thermal stability of albumin Whereas 
NaCl protected the albumin at pH 6 6 from coagulation when heated to 56 C, the opposite 
effect was observed at pH 7 0, at which a solution of albumin without added NaCl could be 
boiled without coagulation, but a solution with added NaCl (0 5 per cent or more) coagu- 
lated when boiled The boiled, uncoagulated albumin, however, was denatured, not 
only had it lost its power to bind oleic acid (Davis and Dubos, 1947), but it precipitated on 
addition of acetic acid 
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mtobte 2 ' ““bafon tor IS day,, aa 

Pa«^rSo7)"’r^r (boevanhart aad 

reirce, i9U7; It is also a bactenostatic agent, but fortunately the hoaso m 

pentltTi was emotively inhibited by a concentration of NaF (OOl per 

cent) that did not interfere with grouch of tubercle bacilh in this medium The 

absence of bactenostasis may be related to the high concentration of Mg m this 

m dium (0 1 per cent MgSO^ 7HoO), smce the mhibitoiy effect of fluonde on 


TABLE 4 

DestnicUon of lipase tn heated albumin (bacienologtcal evidence) 


TYTE 01 AXBmaN 

TSMPEO.^ 

0? 

ST02AGE 

ntocvzxm (ua uoist uniGnr) 
io-» 1 nr* ir* nr* 

Growth* 

Unheated, 2% NaCl (clear) 

37 


0 

I ° 

0 


5 

3 

2 

1 

i 

1 

Heated, 2% NaCl (si opalescent) 

37 , 

3 

2 

1 

i 


1 ® i 

3 

2 

1 

i 

Heated, 1% NaCl (si opalescent) 

37 

1 

3 

2 

1 

i 


5 

3 

2 

1 

i 

Heated, neutral, 2% NaCl (clear) 

37 

3 

2 

1 1 

} 


5 

3 

2 

1 

i 

Heated, neutral, 0 NaCl (clear) 

37 

3 

2 

I 

i 


5 

3 

2 

^ 1 

i 


Sterile bovine serum albumin (fraction V) in a concentration of 5 per cent in various 
solutions was heated at 56 C for 30 minutes Lots of medium containing 0 05 per cent 
tween 80 and 0 1 per cent of these various albumins, as well as unheated albumin, were 
stored for 20 days at 37 C and at 5 C, they were then distributed in 5 ml volumes and in 
ooulated with dilutions of tubercle bacilli 
• Growth recorded at 9 days 


some enzymes has been shown to be due to the formation of magn esium fluoro- 
phosphate complexes (Warburg and Christian, 1942) 

It is shown m table 3 that the addition of 0 03 per cent NaF essentmll> com- 
pletely inhibits the hpase of fraction V Evidence of the effectiveness of a 
bacteriological medium contaimng fluonde is presented m table 6 

Effect of Ehminalion of Lt-pase on Bacterial Growth 

Table 6 also shows that ehmmation of lipase activity bj any one of the three 
methods desenbed above permitted growth of tubercle bacilh following inocula- 
tion with one further 10-fold serial dilution (10-» mg moist weight) than was 
possible with unheated fraction V Other similar comparative experiments 
showed a difference of two serial dilutions 
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To find how fow bacterm constitute the minimum effective inoculum, an ex- 
periment was c irried out with inoculation by means of dilutions of droplets 


TABLE 6 

Dcstruclton of hpaso in heated albumin (ehemical evtdenee) 


nrs or ALDouiN 

TEurcEATUse or stoaaoc 
(C) 

TITZZ H/50 

DirrxwfCE 

Unheated 

37 

0 175 

0 03 


5 

0 095 


Heated 

37 


0 015 


5 




Tbo media desenbed lu table 1 containing 0 1 per cent albumin, heated and unhoated 
in 2 per cent NaCl, Mere stored for 20 dajs at 37 C and 6 C ^Uiquots of 20 ml were then 
analyzed for free fatty acid 

The values obtained following storage at 5 C are only partly duo to oleic acid, since 
albumin has a high blank value because of contamination by other other soluble acids 
(Davis, 1947a) The slight hydrolysis obtained with heated albumin at 37 C compared 
with 6 C 18 probably spontaneous (Davis, 10176), although the presence of a trace of re- 
sidual lipase activity cannot bo excluded The increased titer obtained following incuba- 
tion with unheated albumin at 37 C (0 OS ml greater than at 6 C) is due to hydrolysis of 
tw een and corresponds to 0 002 per cent oleic acid in the medium, i o , one-fifth of the tween 
present 


TABLE 0 

Growth of minimal tnoeula 


AUmUN (0 1%) 

mOCULUU (UO MOIST wziobt) 

10-« 

lOrl 

io-» 

io-« 

Growth* 

Unheated (fraction V) 

4 

3i 

0 

0 

Unheated + 0 01% NaF 

4 

3i 

3 

0 

Heated (50 C, neutral) 

4 

3i 

3 

0 

Crystalline unheated 

4 

3 

2 

0 


Human tubercle bacilli (H37Rv) were grown for 7 days in the tween-albunun medium, 
with the addition of a small amount of phlei filtrate to promote dispersed growth (cf sec- 
tion 7) The density of the growth in a portion of the culture was measured volumetrically 
alter prolonged centrifugation to constant volume (IJ hours at 2,400 rpm) in a tube espe- 
cially designed for this purpose, consisting of a capillary tube (0 9 mm in diameter) fused 
onto a wide (25 mm) test tube The culture was adjusted to a concentration of 1 mm’ 
of orgamsms per ml (i o , 1 mg moist weight, or 0 2 mg dry weight, per ml) and serial 10-fold 
dilutions were made with especial care Inocula were planted in tubes of media contain- 
ing 0 05 per cent tween 80 and albumin and fiuoride as indicated Visible growth first 
appeared at 14 to 10 days, the results are recorded at 20 days 
* Growth recorded at 20 days 

containing a small number of tubercle bacilli counted under the microscope 
The medium contammg heated albumm developed visible growth regularly 
following moculation with 2 or 3 bacilh with an mcubation penod approximately 
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the same as that of mocula of in~8 mo- j 

bumm required larger mocula than did 2 or 3 baTiUi Sb?) 
tions prevented testing of known mocula of l K.nf 

doubtedly have mitiated growth as well as 2 cells m thrsLble hpise-'free medium 

Effect of Horse Serum on Bacterial Growth 

me recognition of the hpaee effect pemntted an undcBtandmg of some hith- 
erto puazhng obscrrationa, namely, the mhibitoiy effect of home serum and of 


TABLE 7 

Inoculation of counted bactena 


NUUBES OF BACTZFIA INOCULATED 

ALBtnnN (0 1%) 

Heated 

Unhealed 

20 

+ 

+ 

10 

+ 

-f 

4 (16/4) 

+ 


4 (16/4) 

1 + 


3 (30/10) 

+ 


3 (30/10) 

+ 


3 (30/10) 


_ 

3 (30/10) 

+ 


2 (20/10) 

+ 

. _ 

2 (20/10) 

+ 


2 (20/10) 

+ 

— 

2 (2/1) 

+ 

- 


A culture of human tubercle bacilli grown as in table 6 was lightly centrifuged to remove 
clumps of bacteria The supernatant was diluted in water so that the number of bacteria 
in a tiny hanging drop could be counted microscopically under the high dry objective 
Comparable drops of the diluent usually contained one or two particles nhich might have 
been confused with bacilli Since it was not found possible to eliminate consistently 
such particles, it was not possible to isolate 1 or 2 bacilli accurately Droplets containing 
larger numbers of bacilli were therefore transferred to given volumes of glucose solution, 
of which aliquots were then inoculated alternately into tubes containing medium with 
heated and unheated alb umi n Growth became visible at 14 to 1C days and heavier at 
20 days Sterile water was added to replace that w hich had evaporated F urther observa 
tion until 25 days showed no growth in the tubes that were negative at 16 dajs 
+ = visible growth at 16 to 25 days 
— = no visible growrth at 25 days 


certain, bacterial culture filtrates on growth m the tween medium Early m 
the course of studymg possible growth factors for the tubercle bacillus, it was 
observed that the substitution of bovme or human serum for bovine serum albu- 
min promoted growth, but of a flocculent rather than of a more or less dispersed 
type, horse serum, however, completely mhibited growth The effect of horse 
serum was surpnsmg smce it has been used m the past m certam media designed 
for the cultivation of tubercle bacilh It w as e\ en more surpnsmg that, though 
horse serum is mhibitory m concentrations rangmg from 2 to 10 per cent, a 
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higher concentration (20 or *10 per cent) permits growth of large mocula (table 
S) The nature of the phenomenon was suspected following the further observa- 
tions that sufilcient bovine albumin overcomes the toxic effect and that m the 
absence of tween horse senim is not inhibitory (table 8) 


TABLE 8 

Dactcrioslasts by horse scruvi 


SCDSTA^C]: ADDED TO J UL UEDIOU 

VOLUUC ADDED 
(UL) 

IhOCULOU (UO UOIST WEICDT) 

ir> 1 10-1 

io-« 

Growth 

Medium containing 0 05% tween 80 


Control 

0 

3i 

i 

0 

Albumin 5% 

0 1 

4 

4 

2 

Bovine serum 

0 1 

4 

0 

0 


0 6 

4 

4 

2 

Human scrum 

0 3 

i 

4 

4 

3 

Horse serum 

0 1 

0 

0 

0 


0 3 

0 

0 

0 


1 0 

4 

0 

0 


2 0 

4 

0 

0 

Heated horse serum (56 C, 30 min) 

0 1 

§ 

0 

0 


0 3 

4 

0 

0 


1 0 

4 

3 

0 


2 0 

2 

1 

i 

Horse serum + 5% albumin 

0 1) 

0 

0 

0 


0 If 




Horse scrum + 6% albumin 

O O 

4 

3 

3 


Medium containing 0 tween 80 


Control 

0 

4 

1 

0 

Horse serum 

0 1 

4 

2 

0 


These results were explained when the horse serum used m these experiments 
was found to contam approximately three times as much hpase as did the human 
serum The toxicity shown by horse serum but not by human serum can thus 
be accounted for by the higher concentration of hpase m horse serum, together 
with its known lower concentration of aJbumm (Moore, 1945) The disappear- 
ance of the toxicity of horse serum at very high concentrations occurs when the 
bmdmg capacity of the albumm added in the serum exceeds the amount of tween 
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80 available ^ substrate for the lipase « The hpase m horse serum was appar- 
ently only partly destroyed by heatmg at 56 C for 30 mmutes (table S) 


Bacteriostatic Effect of Bacterial Culture Filtrates 

Filtrates of the tunothy grass bacillus (Mycobacterium phlei) have been re- 
ported to furnish an essential growth factor which pernuts in vitro cultivation 
of another mycobactenum, Johne’s baciUus (WooUey and McCarter, 1940) 
The effect of such filtrates on tubercle bacilh was therefore studied M phlei 
was grown for 3 to 7 days m the tween-albumm medium, and the cultures were 
filtered through smtered glass (Commg UP) The sterile filtrates, however, 
not only did not promote growth of tubercle bacilli but were bacteriostatic m 
high dilutions Further studies revealed that the phlei filtrate was bacterio- 
static only m the presence of tween 80 and that its bacteriostatic activity was 
destroyed by autoclavmg It therefore appeared that we were dealmg with 
hpase, rather than with a directly actmg antibiotic agent This hypothesis 
was confirmed by chemical tests which showed that the phlei filtrate contained 
hpase m a much higher concentration than had been observed m any sera or in 
5 per cent albu min 

An extremely sensitive method of detectmg hpase, m smaller concentrations 
than can be detected by any available cheimcal method, is offered by mcubation 
of a tween medium (without albumm) with a bacterial filtrate (or another source 
of lipase), followed by moculation with tubercle bacilli As little as 3 micro- 
grams of oleic acid per ml, released followmg several days of incubation, can be 
detected The specificity of the bacteriostasis as a test for hpase can be tested 
by control experiments m a medium without tw'een By this means it w as pos- 
sible to demonstrate traces of hpase m the culture filtrate of an avian tubercle 
bacillus, but none m the filtrate of the human strain H37Rv 


Dispersing Effect of Phlei Filtrate 


The gro'wth of tubercle bacilh m the tween-albumm medium is only partlj 
dispersed, most of the bactena occumng m microscopic clumps (Middlebrook 
et al , 1947) It would be desuable for several purposes to secure completely 
dispersed growth The closest approach to this objective attained so far has 
been furnished by the addition to the medium of phlei filtrate m small amounts, 
which only slightly inhibit growth, the organisms grow m such a medium pre- 
dommantly as smgle cells It has not been determined whether this dispersmg 
effect IS dependent upon the hpase in the phlei filtrate 
The proper amoimt of phlei filtrate to provide dispersal without marked 
inhibition of growth must be empirically determmed Excellent results have 
been obtamed by addmg to the medium, containing 0 05 per cent tween SO and 
0 2 per cent albumm, 5 to 10 per cent of its volume of the filtrate of a 3HJa> 


•The lipolytic mechanism here suggested to account for the gross antibsctcria! acUoa 
of horse serum, manifested only in the presence of tween SO, u not considered to contact 
with numerous earlier reports that various sera, including antisera to tubercle bari . 
were inhibitory to tubercle bacilli in media without tween 
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culture of ^[ j)hlei grow ii m the faamo medium The success of inocula consisting 
of very few cells from such a medium (tables G and 7) indicates clearly that though 
the phlei filtrate has a somewhat inhibitory effect on growth, the bacteria grown 
m this medium are perfectly viable 

DISCUSSION 

It has been demonstrated that bovine scnim albumin, although indispensable 
for the growth of small mocula of tubercle bacilli (especially in the “tween” 
medium), also exerts an inhibitoiy effect because of contamination of the com- 
mercial product (fraction V) by scrum lipase, this enzyme releases free fatty 
acid m bacteriostatic concentrations fiom tween SO After eliminating the lipase 
activity, grow th can be initiated by smaller mocula (2 or 3 cells, 10"’ mg moist 
w eight) th m w'ere pre\ lously effective in the tw ccn-albumin medium A similar 
effect can be ob tamed m spite of the lipase by the use of veiy high concentrations 
of albumin, w Inch are capable of bmdmg all the fatt}" acid ax ailable from hydroly- 
sis of the tw ceu 

Since two bacilli initiate growth regularly, it is reasonably ceitain that smgle 
viable cells inoculated mto the twcen-albumm medium without lipase would 
also grow, the smallest successful mocula dcmonstiated heic were limited to an 
average of two cells simply because of technical limitations The reduction of 
the mmimum effective inoculum from about 10 to only 1 or 2 bacteria is obviously 
of practical importance and will permit more effective use of the medium, or of 
solid modifications of it, in diagnostic or quantitative woik 

The ability to mitiate grow'th with very few cells also furnishes interesting 
information concerning the inoculum as well as the receptivity of the medium, 
namely, that no significant proportion of the cells of a 7-day culture m the tween- 
albumm medium is sterile This behavuor contrasts with the high proportion 
of stenlc cells found m suiface growth (Wilson and Schwabacher, 1936-1937) 

Three methods have been found for ehmmatmg lipase activity from alb umin — 
the use of heated fraction V, of crystalline albumin, or of unheated fraction V 
with added NaF In general, heated fraction V has seemed more useful than 
crystallme albumin Not only is it less expensive, but it produces somewhat 
heavier grow th of tubercle bacilli The promotion of heav ler grow th has been 
traced to a dialyzable, thermostable contaminant of the fraction V that is absent 
from the crystalline albumm (Dubos, 1947) The thud method of e limina ting 
hpase activity, inhibition by addition of fluonde, has been shown to be effective 
in liquid media, but has not been extensively studied 

The deterioration of the tween medium on incubation wuth bacterial filtrates 
or other biological mateiials furnishes an exceedmgly delicate test for hpase, m 
the absence of albumm, hpolysis, which yields as little as 3 micrograms of oleic 
acid per ml, can be detected by its inhibition of growth of tubercle bacilli By 
this method no hpase could be detected in the filtrate of human tubercle bacilli 
In view of the extraordmary sensitivity of this method, this observation suggests 
that the utihzation of the oleic acid of tween 80 as a growth factor by the tuber- 
cle bacillus (Dubos, 1947) is not pieceded by extracellular hydrolysis of the ester 
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m the medium The mechanism by which esterification permits fatty acids to 
be nutntive may thus be somewhat different from the effect of serum albunun 
wMch reversibly bmds fatty acid (Davis and Dubos, 1947) and presunxibly 
releases free fatty acid mto the medium m extremely low concentrations as the 
fatty acid is utihzed by the bacteria In the one case the organism would be 
expected to absorb the ester, m the other the free acid 
It was observed that horse serum is bactenostatic m a medium contammg 
tween 80 but not m a medium without it The phenomenon can be accounted 
for by the relatively high concentration of hpase and low concentration of albu- 
mm m horse serum This observation is of general significance msofar as it 
emphasizes the need for guardmg against lipolytic effects when a medium con- 
taimng tween is moculated with matenals which may contam hpase (e g , in the 
cultivation of tubercle baedli from blood or other tissues) In such circumstances 
it may be anticipated that the danger of bactenostasia by free fatty acid can bo 
avoided by the addition of fiuoride or of suflBcient albunun to bmd all the fatty 
acid which may be released from the avadable tween Where dispersed grow th 
IS not desired, it has been shown that the oleic acid can be supplied as a grow th 
factor by mcludmg oleic acid m the medium rather than tw een 80, together w ith 
sufficient albunun to bmd it, thus ehmmatmg all danger of lipolysis (Dubos, 
1947) 

A bacteriostatic agent m filtrates of Mycobacterium phlei proved to bo sunply 
hpase, which released free fatty acid from tween 80 This phenomenon calls to 
min d the analogous result reported a few years ago for notatm (pemcillm B), 
which proved to be glucose oxidase, its bactenostatic effect arose from the forma- 
tion of hydrogen peroxide m the presence of glucose (Birkinshaw and Raistrick, 
1943) It may be anticipated that the tween-albumm medium will be used m 
chemotherapeutic testmg, smce it has several advantages for this purpose 
uniform mocula, uniform exposure of the bacteria to the medium, more rapid 
results, and ready quantitation of grow th But m testmg the activity of anti- 
bacterial agents of biological origm m this medium it is important, as shown by 
the expenence with phlei filtrate, to distmguish hpolytic from direct antibacterial 
effects 


SUMMAEY 

Commercial bovme serum albunun (fraction V), which permits growth of 
small mocula of tubercle bacilh m a hquid medium contammg “tween 80“ (a 
water-soluble ester of oleic acid), also makes the medium somewhat unstable 
This effect is due to the presence m the albunun of a small amount of lip isc, 
which m 2 weeks releases enough fatty acid from tween to exceed the binding 
capacity of the albunun, the unbound oleic acid then reaches a bactenostatic 

^ThehraS" effect can be elinunated m several wa>3 (1) destruction of the 
hpase by heatmg a neutral solution of fraction V at 56 C which f 

the capacity of the albunun to bmd fatty acid, (2) use of commercial co - allme 
albunun, which is not perceptiblj contammated b> hpa.c, (3) 
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addition to the medium of 0 01 per cent NaF, which inhibits lipase but is not 
bactenosl itic to the tubercle bacillus The effect can also be overcome by the 
use of a high concentration of albumin 

IVlicn the lipase is eliminated by any of these methods, it is possible to initiate 
growth with smaller mocula (10~® mg moist weight, or 2 cells) than arc effective 
m the presence of unheated fraction V or in the absence of albumin 
Lipolytic activity also accounts for the bacteriostatic effect in this medium of 
horse scrum and of a culture filtrate of Mycobacterium phlci This experience 
emphasizes the importance of guarding agamst lipolytic effects when matenals 
of biological oiigin are introduced into a twcen-containing medium for diagnostic 
work (c g , blood culture) or chemotherapeutic studies (e g , impure antibiotics) 
The use of “tw’ccn 80” and tubercle bacilli provides an exceedingly sensitive 
bioassay for lipase, which showed no trace of lipase m filtrates of cultures of 
growmg human tubercle bacdli 
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ExpenmeaLj on the effects of salt on streptomycin m agar plate assays have 
produced conflicting observations According to a recent paper by Berkman, 
Henry, and Housewnght (1947), “the inclusion of 2 0 per cent sodium chloride, 
potassium chloride, or ammonium acetate and 0 85 per cent sodium chloride or 
ammonium acetate to the streptomycin sulfate solutions prepared for assay m 
01 m phosphate buffer resulted in slightly decreased zones of inhibition ” Con- 
versely Loo ci al (19 15) have stated that “addition of phosphate to streptomycm 
solutions caused a marked increase in the size of the zones of mhibition,” and 
“an enhancmg effect was also shown by sodium chloiide, acetate, bicarbonate, 
and sulfate ” 'Two such divergent conclusions on how salts m a solution of 
streptomycin influence the zones of inhibition made difBcult any prediction of 
their behavior m agar plate assays In this laboratory it has been found, how- 
ever, that either result can be obtained from a streptomycin or dihydrostrepto- 
mycin solution containing salt, procedures are included in the followmg data 

In table 1 are given the average diametei-s of zones of inhibition, m mm, pro- 
duced by a solution of dihydrostreptomycm- that contamed 100 units per ml 
and 0, 0 8, or 1 G per cent sodium chloride The test agar contamed 1 0 per 
cent peptone and 0, 0 8, or 1 G per cent salt, and it was inoculated with the 
Waksman (1945) strain of Eschenchia coli 

The zone diameters, in mm, given m table 2 w'ere obtained by testmg different 
concentrations of streptomycm in distilled v ater, 5 pei cent sodium sulfate, or 
horse serum solution that had been diluted with an equal volume of distiUed 
water adjusted to pH 7 4 with NaOH solution, or with a 0 1 m phosphate buffer 
at pH 7 4 The agar plates in which these solutions were tested were inoculated 
with spores of Bacillus aubtihs 

The data show that the enhancmg effect of salt depends on the salt concentra- 
tion m the agar medium as well as on that m the solution assayed An mcreasmg 
salt concentration m the agar medium decreased inhibition zones produced by 
streptomycm and dihydrostreptomycm and lessened the enhancement of salts 
m the antibiotic solution It has been tentatively concluded that the enhance- 
ment mechamsm depends m part on the adsorbability of the medium 

When aqueous samples weie diluted xvith phosphate buffer before bemg as- 
sayed, solutions which contamed salt and 100 micrograms or more of streptomy- 

‘ Part of this work, recommended by the Committee on Medical Research, was done 
under a contract between the Office of Scientific Research and Development and the Um- 
versity of California 

* Dihydrostreptomycm was obtained through the courtesy of Dr Fred Stimpert, Parke, 
Davis and Company, Detroit, Michigan 
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cm per ml showed shghtly decreased zones of inhibition The decrease m di- 
ameter of the zone is neghgible and has not been noticed m assays of solutions 
contammg less than 50 micrograms of streptomycm per ml or m determinations 
made on agar media contammg small amounts of salt Although the smaller 
zones appear to be related to the influence of salts on the rate of diffusion and 
the rate of growth of the test organism, the exact causal mechamsm is not clear 
In this laboratory, solutions of streptomycm, streptothricm, and dihj drostrep- 
tomycm are prepared for assay m agar plates accordmg to the procedure of Loo 
et al (1945), but the tests are done m agar cups (Flemmg, 1942), using Waks- 
man’s stram of E coli m a 1 per cent peptone agar medium The results are 

TABLE 1 


Effect of sodium chlonde in the agar and in the solution assayed 


% NaCl IN ACA2 

% ^aCI IN sottmoN 

1 00 

OS 

1 6 

0 0 

19 8 mm 

21 5 mm 

22 9 mm 

0 8 

16 5 mm 

17 8 mm 

17 9 mm 

1 6 

16 3 mm 

16 7 mm 

16 3 mm 


TABLE 2 

The effect of streptomycin concentration in water and phosphate 


Tested on salt-free agar medium 


COhCENTKATE | 

sxaEPxoiCYcrN 

UlCSOCSAU/m. 

DHTJTED WITH WATER 

DEtUIED wmt mOSrnATE 

Distilled 

Water 

2 Na J0< 

Horse serum 

Distilled 

water 

2 S% N»SO. 

Horse sciuia 

300 

27 4 mm 

31 0 mm 

29 0 mm 

28 3 mm 

30 0 mm 

27 8 mm 

200 

26 9 mm 

29 6 mm 

27 5 mm 

26 6 mm 

29 2 mm 

20 6 mm 

100 

24 8 mm 

26 7 mm 

25 2 mm 

25 0 mm 

26 4 mm 

24 0 mm 

50 

22 9 mm 

24 4 mm 

24 1 mm 

23 6 mm 

24 8 mm 

24 3 mm 

10 

13 0 mm 

14 5 mm 

15 8 mm 

17 0 mm 

17 4 mm 

17 2 mm 

Tested on agar medium contaimng 0 8% sodium chlonde 

200 

23 2 mm 

25 8 mm 

25 3 mm 

25 2 mm 

25 9 mm 

25 1 mm 


satisfactory, except tnat even a cemuiu 

produces only a smaU difference m the diameter of the mhibitory zone 

A study of dihydrostreptomycm, mcludmg a more detailed account ot tlie 

effects of salts, is m progress 

S , Ites,r, E D “ f 

I Factors influenemg the activity Of Streptomycin J Bact 63 ^7 574 

Fnmnxa 4 1942 M.Soioz, 

C 1945 Xssay of streptom> cm by paper disc plate mcth 

™ 915 %taadardization of streptomycin Science. 102. 40-U 
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It was obbervccl by Fuller (1942) that certain long-chained aliphatic diamidmes 
exert an antibacterial action on gram-positive as w ell as on gram-negative naicro- 
organisms in vilro Thrower and Valentine (1943) showed that propamidine 
(an aromatic diamidme, l-l-dianiidino-dipheno\y -propane), in addition to its 
high trypanocidal effect, also inhibits the multiplication of gram-positive cocci 
in vitro as well as in vivo in wounds and burns These findings have been con- 
firmed by many authors The purpose of the experiments reported below was 
to test the influence of certain aromatic diamidines on bacteria in vitro and to 
study the mechanism of their action 

EXPERDIENTAIi RESUI/TS 

Five aromatic compounds were tested 4-4-diamidmo-diphenyl-ether, 4-4- 
diamidmo-diphenyl-benzyl-ether, 4-4-diamidino-dipheno\y-ether, 4-4-diamidmo- 
stilbene (stilbamidine), and 4-4-diamidino-diphenoxy -pentane (pentamidme) 

The microorganisms employed for the in vitro tests were Escherichia coli and 
Staphylococcus aureus The medium used for the experiments w’lth E coli 
contamed ammonium sodium phosphate, 0 5 per cent, sodium chloride, 0 2 per 
cent, IMgSO^ THiO, 0 03 per cent, and glucose, 0 2 per cent, whereas that em- 
ployed for S aureus was prepared accordmg to ICmght (1937) Both media 
were adjusted to pH 7 3 to 7 4 The experiments were conducted m standard 
test tubes and each contamed 5 0 ml of medium to which phenol red had been 
added The diamidmes were added under sterile conditions A quantity of 
each drug was weighed m a sterile Erlenmeyer flask, ether was then added to a 
depth of about 1 cm, and the flasks weie kept m the dark until all the ether had 
evaporated Sterile water was added to produce the required dilutions Fresh 
solutions of drugs were prepared for each experiment 

The influence of diaviidine compounds on bacterial growth The bacterial sus- 
pensions were prepared as follows bacteria were removed from a 20- to 24-hour 
agar slant with 10 ml of saline, and this stock suspension was diluted 1 10,000 
One-tenth ml of this final dilution was added to each test tube The results of 
the in vitro experiments were read after 24- and 48-hour mcubation at 37 C 
The minimal drug concentration at which no growth appeared after 48 hours 
was noted as the minimal mhibitmg concentration The results of these experi- 
ments are summarized m table 1 

Table 1 shows that the compounds most active agamst E coli and S aureus 
were stilbamidine and pentamidme But when the test with E coli was re- 
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TABLE 1 


Inhtbtlton of bacterial growth by aromatic diamtdtnes 


OICAjnSU’XESTED 

1 

CO^CPOIKSS 1 

umKAL rrrtcnv* 

ItOtAE CONCE.'fTtinOX 

E “coh 

4-4-diamidino-diphenyl ether 

2 X lO-* 


4-4-diaiiudino-diphcnyl-benzyl-ether 

4 X iir* 


4-4-diaimdino-dipheno\y-ether 

2 X 10-» 


4-4-diaimdino atil bene (atilbanu dine) 

4 X 10-‘ 


4-4-dianudino dipheno\y-pentane(pentamidine) 

4 X 10-‘ 

1 

S aureus 

4-4 dianudmo diphenj 1-ether 

2 X 10-‘ 

1 

4-4 dianudmo diphenyl-benzyl-ether 

2 X 10-< 


4-4-dianudmo-dipheno\y-ether 

1 X 10-* 


4-4-diamidino-stilbene(stilbamidine) 

4 X 10-‘ 


4-4-diamidino-dipheno'?y-pentane (pentamidine) 

1 X io-‘ 
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pcatcd on Knight’s medium (1937), the activity of these compounds was con- 
siderably depressed and their minimal cfTcctivc molar concentration was 1 X 10~* 
Survival of microorganisms in the presence of diamidine compounds In the 
following experiments only the most active compounds (stilbamidme and pent- 
amidine) were employed The purpose of these experiments was to determme 
whether the action of the compounds is bactericidal or bactenostatic Media 
and culturing procedure \vere identical with those in the experiment described 



Fio 2 The Maintenance of E coli in the Presence of Inhibiting Concentrations 

OF Pentamidine 

above After varying incubation penods at 37 C m the presence of varying 
quantities of drug, aliquot portions of the meubated mixtures were removed 
and the bacterial count was estunated by plating 
Figures 1 through 4 show the results of these experiments There is full 
agreement between the actions of both compounds on E colt suspended m its 
synthetic medium Although the 1 X 10“^ molar concentration exerts a typical 
bactencidal effect, expressed by a logarithmic death curve, the 4 X 10““ con- 
centration, which we had found to be the minimal growth-inhibitmg concentra- 
tion, exerted quite a different effect After an mitial penod lastmg for about 


■10^ or t'lAhlE PVA C C 
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3 hours, duruig which no change was noted in the bacterial count, there followed 
a period of about G houi'S during which the death rate was logarithnnc, and this 
was followed by a period of low mortality, which lasted for at least 48 hours 
smee at the end of this time living bacteria were still found When these experi- 
ments were repeated on Ivnight’s medium (1937), similar results were obtained, 
but higher drug concentrations were required to exert a bacteriostatic or a 
bactericidal clTcct 

S aureus behaved quite differently in the presence of pentamidine and stilbaim- 
dine The zone of drug concentrations inhibiting bacterial growth while pemut- 
tmg survival of the microorganisms after 48 hours was much wider than m the 
case of E cob, as demonstrated m figures 3 and 4 

SUMiEVRY 

Five aromatic diamidine compounds w'cre tested for their antibactenal effect 
on Escherichia cob and Slaphijlococcus aureus 
Stilbamidme and pentamidine were found to be the most active of the five 
compounds 

Under identical conditions, E cob is more resistant to the growth-mhibitmg 
action of these compounds than is S aureus However, the zone of inhi bition 
of growth unaccompanied by bactericidal action is narrower m the case of E 
cob than m that of S aureus 
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TUE EFFECT OF AROMATIC DIAMIDINES ON BACTERIAL GROWTH 
II TllU AMAGOMbM 01 NuCLLIC AcIDS AND PoMASIINLS 

LLMI BICIIOWSKY SLOMNITZKI 
Dcparlmcnl af Uygtcnc and Uaclcualogy, The Hebrew Unnereily, Jerusalem 

ll(’cci%cd for publication faeptembor 18, 1917 

It 13 generally accepted that the composition of the medium exerts an im- 
portant iiiniience on the iction of untibacteual substances on microorgamsms 
Many workers have succeeded in paralj'zing the effect of antibacteiials by the 
addition to the mcdi i of subst mccs such as oigan extracts, peptone, and bacterial 
extracts Thus, Mcllwaiu (19 H) counteracted the antibacterial eftcct of acri- 
flaxin on Esdicnchia coli and on hemolytic streptococci by the addition of 
nucleotides and of a concentrite of ammo acids Lockwood (1938) inhibited 
the action of tjuhonamidcs on hemolytic streptococci by the addition of seiaim 
and peptone Stamp (1939) observed a similar effect after the addition of heated 
suspensions of hemolitic streptococci, and Woods (1910) after the addition of 
yeast extracts 

Tlie assumption that the activity of these substances is associated wuth the 
presence of antagonists sen cd as a starting point for the isolation and determma- 
tion by Woods (1910) of Tiara-ammobenzoic acid as the antagonist of sulfon- 
amides 

In a preliminary paper (1911) we reported the antagonistic effect of peptone, 
meat e' tract, yeast extract, and particularly of nucleotides against the anti- 
bacterial activity of aromatic diamidincs Since then Snell (1944) has leported 
on the antagonistic effect of some polyammes against the antibacterial action 
of propanudme on lactobacilh The mechanism of the action of nucleotides 
agamst the antibacterial action of diamidmes is the subject of the present study 

EXPEKIMENTAIi 

In our tn vilro experiments w ith E cob and Slaphylococcus aureus we followed 
the technique desenbed by us in a previous communication The present experi- 
ments were earned out w ith the drugs formerly found to be the most active, 
stilbamidme and pentamidine With the exception of blood and serum the 
antagonists were autoclaved at 15 pounds’ pressure foi 15 nunutes In order 
to ensure contact between the microorganisms and the antibacterials the former 
were inoculated into test tubes containing the medium with vaiymg quantities 
of diamidmes, and only after 15 minutes’ contact between bacteria and anti- 
bacterials at 37 C was the antagonist added The lesults were lecorded after 
24 as well as after 48 hours 

Antagonislic aclton of chemically undefined substances against antibacterials 
Expenments with substances of this group are summaiized m table 1, which 
shows that peptone, bovril, marmite, and acid casern hydrolyzate inhibit the 
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antibactenal effect of diaimdines to a remarkable degree The effect of pent- 
^dme on S aureus was not markedly reduced by any of the antagonists but 
the inhibition of the effect of the same drug on E coh uas weU marked 'ibo 
effect of stilbamidme on both microorganisms was antagonized to nearh eoual 
degrees by the different substances 

Antagomstic action of substances of siimlar structure In vieu of the fact that 
the antibacterials contamed the amidme group, we attempted to learn whether 
other compounds which contam a similar structure are able to mhibit antibacter- 
ials Guamdme, arginine, creatme, and creatmme were tested and found to 
be mactive 

Antagonistic action of amino acids The followmg amino acid concentrations 
were also found to be mactive glycme, 1 0 per cent, df-alanme, 0 5 per cent, 

TABLE 1 


Influence of a senes of chemically undefined substances on the antibactenal action of 

diamidines 


AKXAGONISTS 

CONCE^^TEATION 

OP 

AKTACOH1ST3 

iHKnUL XIOLAJL CO'iCZVTXATlO'i CnilJJlTINO CaOWTU Of 

[ S aureus 

E coh 

PentanudiDe 

Stilbamidme 

PeotaxDidine 

Stilbamidme 


per cent 





Control 


1 X icr‘ 

4 X icr‘ 

4 X 10-‘ 

4 X 10-‘ 

Difco peptone 

5 0 

1 X io-‘ 

4 X 10-* 

2 X 10-‘ 

4 X 10-‘ 


1 0 

1 X io-» 

2 X 10-< 

1 X 10-* 

1 X 10-' 

Bovnl 

2 0 

2 X io-‘ 

1 X 10-» 

1 X 10-* 

1 A 10-» 


1 0 

1 X io-‘ 

2 X 10-‘ 

4 X 10-* 

2 X 10-' 

Marmite 

20 

2 X 10-‘ 

1 X io-» 

2 X 10-‘ 

1 X io-» 


1 0 

1 X 10-‘ 

2 X 10-‘ 

1 X 10“‘ 

4 X 10-' 

Acid casein hydrolyzate 

3 0 

1 X 10-* 

1 X 10-* 

4 X 10-‘ 

1 X io-> 

Rabbit serum 

10 0 

1 X Id-' 

4 X 10-‘ 

4 X 10-‘ 

G G X KT* 

Defibrinated rabbit’s 






blood 

10 0 

1 X 10-‘ 

4 X lO-* 

G G X 10-‘ 

G G X 10-‘ 


dJ-methionme, 0 35 per cent, f-tryptophane, 0 1 per cent, df-phenylalanine, 0 15 
per cent, df-2-ammo-n-valeric acid, 0 1 per cent, f-oxyprohne, 1 0 per cent, I- 
prohne, 0 1 per cent, histidme hydrochloride, 0 01 per cent, sodium glutamate, 
0 2 per cent, cystme hydrochloride, 0 01 per cent, and lysme dihjdrochloridc, 
0 1 per cent 

Antagonistic action of nucleic acid Hawkmg and Smiles (1911) studying the 
distnbution of stdbanudme m toTanosomes found that thn^ fluorescent sub- 
stance tends to concentrate m the blepharoplast and m certain plasma granults 
Adler and Tchemomoretz (1940) noted that, after treatment of certain babc^u 
infections wuth stdbamidme, the first signs of degeneration occur in the nucki 
of the parasites This observation led to the assumption that the drug nuj be 

concentrated in a structure nch m nucleic acids i rr,,, 

These experiments together with those reported aboce on the antu^oni- 
action of substances like marmite and bovnl, which are nch m nucleic -caL, - 
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US to examuio tho antagonistic effect of nucleotides Sodium nucleate was 
employed m the following experiments 



% or N* Nuc-iiATs: 

Fia 1 ^Vntagonistic Action’ok Sodium Nucleate against Aromatic Diamidinbs 

IN E cou 



Fig 2 Antagonistic Action op Sodium Nucleate against Stilbamidine on S aureus 

As demonstrated m figures 1 and 2 sodium nucleate exerts an antagomstic 
action against the antibacterial activities of stilbanudme and pentamidme on 
the growth of E coli This effect is demonstrable through a wide range of anti* 
bactenal drug concentrations if a suitable concentration of the antagonist is 
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employed But the concentrations required to inhibit the effect of pentamidmo 
are higher than those reqmied for the inhibition of the stilbamidmc 

When emplo> ed against 5 aureus, stilbanudine is inhibited by sodium nucleate 
whereas pentamidme is so inhibited only m its lonest effcctue concentratioib’ 
and even in this zone high concentrations of sodium nucleate are requued' 
Nucleic acids of the desoxyribonucleic type behaved similarly 

Antagomshc action of accessory growth substances In order to exclude the 
possible effect of the contamination of nucleotides of natural ongm iv ith minimal 
quantities of accessory gron th substances, vv e examined the antagonistic cffecta 
of a senes of well-knowm growth promoters m molar concentrations ranging 
from 1 X 10“^ to IX 10~' The followmg substances were tried and found to 
be inactive as antagonists of diamidmes thia min e, riboflavin, niacin, choline, 
pimehc acid, calcium pantothenate, biotm, pyridoxone, para-anunobenzoio acid, 
and mositol 

Antagonistic action of the constituents of nucleic acid In order to determine 
whether the antidiamidme effect is ascribable to the nucleic acid molecule as a 
whole or to its component parts, we exanuned the antagonistic action of the 
constituents of the polynucleotide Of the purine and pyrimidine bases ivo 
examined adenme, guanme, xanthme, hypoxanthme, and uracil These sub- 
stances, which are soluble with difficulty m water, were exammed m varying 
dilutions of saturated solutions All of them proved to be inactive 

Of the nucleosides we exammed adenosme and guanosme m concentrations up 
to 5 per cent Both substances proved to be mactiv e On the other hand, the 
mononucleotides, adenjhc and guanyhc acid, showed a certam activity (figure 
3), which v\ as, however, far from that of the polynucleotide, the active concentra- 
tion of which by weight was 15 to 20 times lower Mixtures of the two mono- 
nucleotides were no more effective than was each mononucleotide taken sepa- 


rately 

These different degrees of activity are evidenced not only m differences of 
active concentrations but also in velocities of action In the case of the inhibi- 
tion of diamidmes by poljTiucleotides bactenal growth appeared ns earlj as 21 
hours after inoculation, whereas m the case of mononucleotides growth m the 
correspondmg diamidme dilutions occurred only after 2 to 3 daj s 

Antagonistic effect of an alkaline hydrolysate of nucleic acid Since we hal 
only two mononucleotides at our disposal, we determined whether the anti- 
diaimdme effect is associated with the undestroyed polj nucleotide molecule u ti 
whole or w ith its constituents obtamed by hydrolysis w itli ammonium hydroviJe 
Five g of nucleic acid were dissolved m 26 5 ml of 25 per cent ammonium hydrox- 
ide, and this mixture was autoclav ed at 15 pounds for 30 mmutes No difference 
m activity was observed between the onginal polynucleotides and the product 


obtamed after hydrolysis , r 

Antagonistic effect after the delayed addition of nucle’c aad IVhen 
concentrations of diamidmes, especially stUbaimdme, come m coutect i.ui 
nucleic acids a precipitate appears Since nucleosides do not gw e thu react on 
whereas, on the other hand, mononucleotides and salts of pho^phonc acal , 
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it bccincd likely Unit the phobphorua ^roup of the nucleotides was responsible 
for the complexes formed 

The question thcrefoie irose whether the antidumidine activity of nucleotides 
Mas associated with the foimation of these insoluble complexes, formed before 
the antibacterial substance h id the opportunity to combine w'lth the constituents 
of the bacterial body We brought the b ictena into contact w ith the inhibiting 
conccntiations of diaraidme for 2t houis at 37 C and subsequently added the 
concentrations of nucleic acids known to be antagonistic After an additional 
incubation of 24 hours, bacterial growth appeared in the same zone as that 


s — o— a P£NT 
o — 0—0 •STIJ.r 



02 04 06 03 lO /Z 


% ioNcEf/TH-AJiON or Nt/eiroT/jr^ 

Fia 3 Antidiamidine Activity op the Polynucleotides and Mononucleotides on 

E COLI 

observed if the nucleic acid was added immediately after the antibacterial 
substance 

Anlagomslic effect of ■pohjamines While this work was m progress the reports 
of Silvermann and Evans (1944) and of Snell (1944) appeared on the antagonistic 
activity of certam polyamines agamst the antibacterial action of atabrme, 
quinine, and propaimdme Comparative expeiaments were therefore under- 
taken to determine whether differences exist m the mode of action of these differ- 
ent groups of antagonists 

Spermine and spermidme phosphate (Hoffmann-La Roche) and the synthetic 
polyammes, diethylene tnamine (DT), tnethylene tetra-amme (TT), and tetra- 
ethylene penta-amme (TP) from the Carbon and Carbide Chemical Company, 
were employed It was found that spermme and spermidine, m concentrations 
of 5 X 10~^ molar, inhibit bactenal growth, and that m lower concentrations 
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ini no antibactenal effect e^en if employed m a 1 X 10-‘ 

1 X fT’ concentrations between 1 X 10-‘ and 

1 X 10 they had an antagonistic effect 

^ere a a certam correlation between antagonistic activity and length ot the 
hydrocarbon Cham of the polyarmne The most active compound was TT 
Comparmg the effects of the synthetic polyamme and of the nucleic acids, wc 


TABLE 2 

Antagomsiic aclton of pohjamines against the inhibition of growth bg diamidine 


SOLVAMDIZS 

U0t.\S COVCZN 
TBLATIOV OP 
MLYAUINZS 

ilLSULU. UOLAX COSCEXTKATIOV cfniamso 

E colt 

1 S aureus 

Stilbanudme 

PcQtaxnidioe 

Stilbomidme 

PcnUraidue 

Diethylenetnamine 

1 X 10-* 

5 X 10-J 

1 X io-» 

1 X 10-1 

S X 10-1 

4 X 10-1 

2 X 10-‘ 

1 X 10-1 

8 X 10-1 

8 X 10-1 

4 X 10-1 

4 X 10-1 

2 X 10-1 

1 X lO-i 

1 X 10-1 

Tnethylenetetramidine 

1 X 10-‘ 

5 X 10-1 

1 X 10-2 


5 X 10-1 j 
2 X 10-1 
' 1 X 10-1 

1 2 X 10-1 j 
1 X 10-1 

4 X 10-1 

2 X 10-1 

Tetraethylenepentami- 

dme 

1 X 10-1 

5 X 10-1 

1 X 10-1 

2 X 10-1 

2 X 10-* 

1 X 10-‘ 

5 X 10-1 

2 X 10-1 

1 X 10-1 

2 X 10-1 

1 X 10-1 

4 X 10-1 

2 X 10-1 

Control 


4 X 10-1 

4 X 10-1 

4 X 10-1 

1 X 10-1 


TABLE 3 

Antagonistic action of nucleic acid against the antibacterial action of natural 

polyamines 


CO^CI:^^TZATIO'^ OT NUCLEIC AOD 

GSOWTU OBSEiVED IN A UAXXUAL aOlAK COVCZ-rntATIO t Ot 

Spennidioe 

Spcnmac 

per cenl 

1 


0 1 

5 X 10-1 

5 X 10-1 

0 05 

5 X 10-1 

1 X 10-1 

0 01 

1 X 10-1 

5 X 10-1 

Control 

1 X 10-1 

2 X iri 


find that the former act only m the narrow zone of the low est mhibitmg dianndme 
concentration, whereas the latter also act m multiple antibacterial conctntrationi 
Antagonism of nucleic acid against the antibacterial action oj spermine aid 
spermidine on E coli In the following experiment we tned to inhibit the aiUi 
bactenal action of spermme and spermidme w ith nucleic acids The results 
summanzed m table 3 Table 3 shows that a 0 05 per cent cone^ntrat on u’ 
nucleic acid is sufficient to paral 3 ze the effect ol either oi the natur J pob ^irn , 
spermme and spermidme 
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DISCUSSION 

Our obbervations on the antagonistic effect of nucleic acids against the anti- 
bacterial action of diamidmes resemble, in many respects, those of Fildes (1940) 
on mercuric compounds In both cases antibacterial activity was inhibited by 
direct chemical inactivation It seems that a diiect chemical reaction between 
nucleic acids and the diaraidme led to the formation of insoluble complex com- 
pounds It may be that diamidines that have passed through the cell wall also 
react primarily with cellular constituents composed chiefly of nucleotides, thereby 
mterfermg with the vital functions of these cell constituents The addition of 
such metabolites to the medium should enable the cell to restore its normal 
functions The assumption that extracellular inactivation of diamidme occurred 
before it had succeeded m entering the cell was at variance with the experimental 
results, smee even after 24-hour contact between the bacterial cell and the anti- 
bacterial drug it i\a3 possible to inhibit the action of the antibactenal by the 
addition of nucleic acids This fact does not preclude the possibility that even 
after contact between the receptive constituents of the bacterial cell and the 
antibacterial the presence of an amomc compound m excess may change the 
chemical or adsorptive equilibrium between the bacterial cell and the anti- 
bacterial 

The main question is whether this antagonism between the diamidme and the 
nucleic acid is a specific one or whether the phenomenon under discussion is the 
result of a nonspecific ionic exchange between two competmg substances A 
nonspecific competitive ion exchange Avould be mdicated if the action of a toxic 
catiomc compound, which exerts an aflamty for some amomc constituents of the 
cell, IS inhibited by the addition of nontoxic amon competmg with these critical 
pomts m the cell for the toxic substance without f ulfillin g any function m the 
cell metabolism The mononucleotides (adenylic and guanyhc acids) also form 
insoluble complexes with diamidmes tn vitro m suitable concentrations How- 
ever, their antagomzmg activities are not comparable with those of the poly- 
nucleotides, since more than 20 times higher concentrations of the mononucleo- 
tides are required to yield an effect similar to that of the polynucleotides, and 
the activity of the former is expressed by a delayed bactenal growth which ap- 
pears only after 2 to 3 days 

These facts lead us to assume that the role played by the polynucleotides is 
specific and is, furthermore, not bound to the mtact molecule but to the sum of 
its constituents, smee equal effects were obtamed with mtact or with hydrolyzed 
products It seems that the nucleic acids or their constituents play a specific 
role m bactenal metabolism and that then presence helps the bacterial cell to 
overcome the damage caused by the antibacterials 

The concentrations required for this protective effect, although they are rather 
high, are of the same order of magnitude as those of nucleic acids m the bacterial 
cell Thus, Thompson and Dubos (1938) found 2 to 5 per cent of nucleic acid 
m the dned substance of pneumococci, and Johnson and CoghiU (1925) foimd 
0 42 per cent m Mycohaclenum tuberculosis The antagonism of nucleic acid 
against the antibactenal action of the diamidmes is exerted through a long range 
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of concentrations of both these substances, and the ratio of the concentration of 
nucleic acid required to inhibit a given concentration of the antibacteinl reni iiiu 
constant Only in the case of pentamidine acti\ ity on S aureut, did e suci ccil 
m abolishmg its action m a narrow zone of the lowest inhibiting concent nlioiis 
(1 X 10 ® to 4 X 10-®), and this aaas accomplished only with relatuelj high 
concentrations of nucleic acid (1 to 2 per cent) Pentamidme maj po^scis a 
strong affinity for the nucleotide centers of the cell of S aureus, and large amounta 
of nucleic acid may therefore be needed to overcome this affinit> But it not 
excluded that centers other than nucleotides may also be attacked b} pent imi 
dme and that this additional action may not be antagonized by nucleic acids 

The observation of Kopac (1946) on the dissociation of protamine nucleate 
complexes by stilbamidine supports this assumption and maj sene is a ne.. 
startmg pomt for further mvestigation on the mode of action of diamidine on 
nuclear structures The observation of Hawkmg and Smiles (1911) on the 
affinity of stilbamidme for the blepharoplasts of trypanosomes, and for certain 
granular constituents of the plasma, and the observation by Adler and Tchcmo- 
moretz (1940) that diamidmes pnmanly attack the nuclei of babeaia further 
support our assumption 

We are led to assume that quite a different mechanism of action exists m the 
antagonism betw^een diamidmes and polyammes In this case both substances 
are cationic m nature and are somewhat similar in stiaicture The existence of a 
competitive catiomc exchange, as proposed by Vallo and Du Bois (1911), seems 
to provide us wuth an adequate explanation The problem is whether the phe- 
nomenon under discussion is a specific one and whether the poly amines or certain 
substances of similar chemical structure play a specific role in bacterial metab- 
olism, as assumed by Sila ermann and Ea^ ms (1944), or w hether the phenomenon 
IS nonspecific (Elson, 1945) and caused by relatively atoxic cationic compounda 
m a manner similar to the antagonistic effect exerted by certam atoxic c itionic 
compounds on cationic detergents 

The fact that nucleic acid antagonizes the inhibiting effect of dnmicliiits as 
wmU as polyammes (spermme and spermidine) on the grow th of E coh may ttr; c 
as a clue to the fact that both inhibiting substances have a specific affinity for 
the same cell constituents, whether or not the polyaimnes play any role in bactc- 
nal metabolism 

XCKN OWXEDGilLXT 

The author wnslies to express her gratitude to Professor S Adler for the uh ice 
he has gnen throughout this work, and to Dr L Olitzki for hio intcrc::! and 
valuable help durmg the progress of this work 
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Manvcomplexsubstancessuchasraarmite, peptone, and beef c Irwtp u 1 

the grow th-mhibiting effect of diam-dmes on E.Jttncha co’' and 'a ' -J 

aureus Neither blood nor serum in concentr itions up to 10 p-r < . i - r.. ■ 

such an effect , i fn 

.^ong a senes of essential metabolite:, onl., the nuclc c lo-d, d- n cl uc 
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ycusta or animal tissucb were able to inhibit the antibacterial effect of diamidmes 
Guanidine, arginine, creatine, creatinine, and other ammo acids, and the vita- 
mins of the B group cxeitcd no such effect 
The antidiamidino effect of the nucleic acids was observed through a wde 
range of concentrations of tlio antibacterial substances Hydrolyzed nucleic 
acids exerted the same effect ns the untreated products The activity of the 
mononucleotides (adenylic and guanylic acid) was about one-twentieth that of 
the polj nucleotides Among the nucleosides guanosine and adenosine were 
examined These substances, as well as the purine bases, were devoid of any 
activity 

The natural polyammes (spermine and spermidme) m high concentrations 
themselves exerted an antibacterial effect, and m low concentrations they had 
an antidiamidinc effect The synthetic products, diethylenetriamme, tnethyl- 
enetetra-amine, and tcLraethylcnepentamme, exerted an antidiamidme effect 
against the highest dilutions of the antibacterial substances 
The mechanism of the antidiamidme activity is discussed It is assumed that 
the diamidmes cause metabolic disturbances of the cell nucleotides by fixation 
of nuclear substances The antagomsm of the polyammes seems to be associated 
with theu: competition for the same cellular substance 
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The merit of the serial dilution method employing Bacillus suhhhs for the 
assay of penicillin m blood as originally described by Randall, Price, and Welch 
(1945) has been a subject on which opinions differ It has recently been claimed 
by Buggs el al (1946), Chandler cl al (1945), and Elias el al (1945) that a fairly 
extensive normal blood bacteriostasis sometimes exists against B suhhhs This 
alleged mhibition has been disputed by Hoffman and Volmi (1947) and by 
Dolkart el al (1947), who found the method reliable for human blood assays 
Subsequently, Hoffman el al (1947) found m 100 plasma samples relatively 
high m penicillm that, after adequate penicillmase inactivation, the assay was 
always zero The method had also been tested against 50 normal rabbit plasma 
samples m our laboratories No significant bactenostasis was found m any of 
these samples against B suhhhs Furthermore, m our routme rabbit blood 
analyses, positive controls have been rare Only once was an exiiraneous bac- 
tenostasis encountered, and this, as is shown m this paper, was caused by the 
glassivare cleamng agent 

The blood assay method employed m our laboratories has generally been a 
mechanized adaptation of the method of Randall, Price, and Welch (1945) 
B suhhhs NRRL-B-558 was the test organism A Brewer automatic pipettmg 
machine was employed for dispensmg all constant volumes required Wire 
racks holdmg 2 to 4 senes of ten 12-by-lOO-mm test tubes or Kahn tubes were 
used The racks of tubes were coveied with rectangular, noncorrodmg metal 
covers, preferably stamless steel These fit the racks well enough that pluggmg 
of the tubes was unnecessary to mamtam sterility for the period of assay The 
absence of plugs was essential for efficient mechanical operation The method 
was described briefly by Hoffman and Volmi (1947) 

Dunng the period when the method was bemg established at the Hektoen 
Institute, Cook County Hospital, Chicago, some very disturbmg irregularities 
were observed m the growth of B suhhhs m the senal dilution tubes Tubes 
showing growth were found mtermmgled at random with clear tubes showmg 
no groivth This occurred even when moculated broth alone was dispensed mto 
penicillm-free assay tubes At 2 ml of broth per tube, growth was erratic 
At 4 ml of broth per tube, groivth occurred m nearly all tubes At about 0 5 
to 1 0 ml per tube there was no growth m practically aU tubes Suspicion of the 
source of mterference of growth was cast, therefore, upon the glassware, and 
upon its cleamng agent in particular 

As a cleanmg agent, “calgomte” had been employed This material con- 
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tamed alkalme silicates, alkalme he\ametaphosphates, and other agents Upon 
cleanmg, rmsmg up to six times, and dr>mg, the glass^^a^e was sparkling 'Ihio 
was somewhat misleadmg because it was found that some of the cleaning agent 
must have remamed even after the normally extensive rinsing It presuni''blj 
entered the assay medium and m some manner suppressed the growth ol B 
subhbs irregularly, dependmg apparently upon the amount of agent released 
mto the solution The addition of blood plasma or serum counteracted tins 
mhibitoiy effect to a degree dependmg upon its concentration 
The use of other detergents such as the sodium alkyl sulfate tj pe (e g , “diipo- 
nol”) m low concentration was generally satisfactorj Tubes with a \biblc 
hard-w'ater film were usually safer to use than some of the sparklmg tubes with 
an mvisible, glassy, adherent film The fact that films of extraneous maternls 
on glassivare can exert a deletenous effect on the grow th of the tubercle baeillus 
has been pomted out by Dubos and Davis (1946) 

Our expenence has shown that it is possible that a residual cleaning agent 
adhenng to the glassware may render the B sublihs senal dilution asaay for 
penicillin of doubtful value For satisfactoiy results a detergent of the sodium 
alkyl sulfate type is recommended 
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The clinical differential diagnosis of vanola, or generalized vaccinia, and 
varicella m their early stages is often cxtiemely difficult, and clinically mild 
eases of variola may be indistinguishable from vai icella throughout the course of 
the disease Laboratory methods of diagnosis such as flocculation, complement 
fixation tests, and Paul’s rabbit cornea test are only applicable for the diagnosis 
of variola m the later stages of the disease 
Paschen (190G) described elementary bodies of vaccmia m smear preparations 
of vesicle fluids for microscopy and later (1919) observed what he believed to be 
elementary bodies of varicella, which he found to be much smaller m size and of a 
lower staimng affinity than those of vaccinia Amies (1933) and van Rooyen 
(194-1) confirmed Paschen’s findings as to the existence of elementary bodies of 
vancella in vesicle fluids Van Rooyen utilized both the difference m the 
morphology and the frequency of occurrence of the elementary bodies of vanola 
and vancella as a chnical diagnostic method for the differentiation of these 
diseases m man 

Smee the mtroduction of the electron microscope, this instrument has been 
employed extensively m morphological studies of viruses, but no studies have 
yet been pubbshed on its apphcation as a diagnostic tool m the differentiation of 
virus diseases, such as vanola and vancella 
Durmg a recent outbreak of smallpox in New York we had the opportumty to 
collect specimens for electron microscopy of human tissue from chmcal cases of 
vanola, generahzed vaccima, and also vancella, and in this paper will be pre- 
sented electron micrographs derived from these specimens For comparison are 
also presented electron micrographs of the virus of vaccinia as prepared from 
epidermal tissue of a calf and as found in stock calf l 3 Tnph vaceme for human 
vaccination against smallpox The studies were conducted wuth a RCA electron 
microscope, type EMU, and the shadow-casting techmque of Williams and 
Wyckoff (1945) has been employed m the production of the metal-shadowed 
micrographs 


MATERIALS AND METHODS 

A specimen presumed to contain elementary bodies of variola was obtamed 
through the courtesy of Drs Ralph Muckenfuss and George Hirst of the WiUard 
Parker Hospital, New York This matenal was recovered from a nonfatal 
human case on the twentieth day of the disease 

Crusts were collected, groimd mth sihcate, suspended m sahne, and centiifuged 
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at 2,500 rpm for 20 minutes The elementary bodies nere purified bj a iCLontI 
centrifugation at 15,000 rpm for 1 hour The sediment w as finally rcaUspendcd 
m 0 9 ml distilled i^ater, thus concentrating the suspension to one-tenth of its 
ongmal volume A small drop of the final suspension was then placed on the 
collodion-covered screens and dned m the usual manner 

We are greatly mdebted to Drs Emmett Holt, Jr ,and Robert Ward ot the 
Bellevue Hospital, Neiv York, for two samples from a 10-ycar-old cluld who 
showed multiple open craterform pustules on the vulva 12 daya after she had 
been vacemated against smallpox One sample was taken with a cotton swab 
from the site of the vaccmation after the well-formed scab had been remoitd 
The second sample w'as obtamed, also with a sw ab, from the pustular eruptions in 
the vulval region These swabs were washed m solutions of ph>siologic il saline 
and the resultmg suspensions w ere punfied by differential centrifugation 

A suspension of vaccima varus for electron microscopy was kindly provided 
by Dr W Koch of the Biological Division, E R Squibb and Sons, New Bnin-,- 
wick It W'as recovered from a calf which had been infected intradermallj with 
this agent for routme vaceme production A small area of the cpidernus show- 
mg multiple small vesicular lesions was scraped off wath a scalpel The col- 
lected matenal was ground with sihcate m a mortar, suspended in saline, 'uul 
punfied by differential centrifugation 

Another suspension of vaccima virus was prepared from glycennated t ilf 
lymph vaceme as used for human vaccmation This had been held in stock 
for more than 6 months and was exammed for the possible occurrence of morpho- 
logical changes m v'lrus treated m this manner The vaccine was suspended in 
sahne and punfied as outlmed above 

The preparations contaimng elementary bodies of vancella were obt lined 
from four patients wath tjqiical chmeal symptoms of chicken pox, one adult t iso 
and three children between 2 and 5 years of age The fliuds m these c ists were 
collected wath glass capillary tubes from unbroken vesicular skin lesions 1 ho 
vesicle fluid from the adult patient was taken up wath physiological s dine ind 
punfied by differential centrifugation Crusts which had formed, in the process 
of healmg, on the pox lesions of this patient were removed, ground wath silic ito, 
suspended m sahne, and punfied as desenbed above 

Only very small amounts of vesicle fluid were available from the children 
mfected wath v'ancella The differential centnfugation, therefore, had to bo 
abandoned, and the fluids were placed directly on the screens after the> h id bcLn 
diluted wath distilled water in proportions of approximately 1 in 10 

Nonspecific fliuds and crust suspensions were obtained from vcsieiil ir epidir- 
mal lesions m man caused either by application of tincture c intkinde^ to tiu 
surface of the skm or by superficial bums The specimens nen prtpire.l to- 
electron microscopy m a manner similar to that used wath the prep iratioris fr<j a 
the adult patient mfected wath vancella 




Figs 1-4 Variola Virus from Human Case op Smallpoa. 


1 iMagnification X 24,800 

2-4 Shadowed with 22 1 rag gold at the angle tangeat 2/11 82 X 24,800 

Figs 5-7 Vaccinia Virus from Human Case with Secondary Vaccinia 
5 Magnification X 24,800 

6-7 Shadowed with 24 5 mg of gold at the angle tangent 2/10 8 X 24,800 
Fig 8 Vaccinia Virus from Calf Infected with Vaccinia 
Shadow ed w ith 24 5 mg of gold at the angle tangent 2/10 8 X 24,800 

Figs 9-10 Vaccini a Virus from Glycerinated Smallpox Vaccine 
Shadowed w ith 22 4 mg of gold at the angle tangent 2/9 79 X 24,800 
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at 2,500 rpm for 20 minutes The elementary bodies nere purified bj a 'CLontI 
centrifugation at 15,000 rpm for 1 hour The sediment as finally re.uspendcd 
m 0 9 ml distilled water, thus concentrating the suspension to one-tenth of its 
ongmal volume A small drop of the final suspension was then placed on the 
collodion-covered screens and dned m the usual manner 

We are greatly mdebted to Drs Emmett Holt, Jr ,and Robert Ward ot tho 
Bellevue Hospital, New York, for two samples from a 10-year-old cluld who 
showed multiple open craterform pustules on the vulva 12 daya after she had 
been vacemated against smallpox One sample was taken with a cotton swab 
from the site of the vaccmation after the well-formed scab had been remoud 
The second sample w'as obtamed, also with a sw ab, from the pustular eruptions in 
the vulval region These swabs were washed in solutions of physiologic il saline 
and the resulting suspensions were punfied by differential centrifugation 

A suspension of vaccima varus for electron microscopy was kindly provided 
by Dr W Koch of the Biological Division, E R Squibb and Sons, New Bnins- 
wick It was recovered from a calf which had been infected mtradermallj with 
this agent for routme vaceme production A small area of the cpidernus show - 
mg multiple small vesicular lesions was scraped off wath a scalpel The col- 
lected matenal was ground with sihcate m a mortar, suspended in saline, 'uul 
punfied by differential centnfugation 

Another suspension of vaccima varus was prepared from glycennated t ilf 
lymph vaceme as used for human vaccmation This had been held in stock 
for more than 6 months and was exammed for the possible occurrence of morpho- 
logical changes m vnrus treated m this manner The vaccine was suspended in 
sahne and punfied as outlmed above 

The preparations contaimng elementary bodies of vancella were obt lined 
from four patients wath tyqiical chmeal symptoms of chicken pox, one adult c c-o 
and three children between 2 and 5 years of age The fliuds m these c ists were 
collected wath glass capillary tubes from unbroken vesicular skin lesions 1 ho 
vesicle fluid from the adult patient was taken up wath physiological s dine ind 
punfied by differential centrifugation Crusts which had formed, in the process 
of healmg, on the pox lesions of this patient were removed, ground wath silic ito, 
suspended m sahne, and punfied as desenbed above 

Only very small amounts of vesicle fluid were available from the children 
mfected wath vmncella The differential centnfugation, therefore, had to bo 
abandoned, and the fluids were placed directly on the screens after they h id been 
diluted wath distilled water m proportions of approximately 1 in 10 

Nonspecific fluids and crust suspensions were obtained from vcsieiil ir epider- 
mal lesions m man caused either by application of tincture e intLinde^ to tiu 
surface of the skm or by superficial bums The specimens wen prep ire.l to- 
electron microscopy m a manner similar to that used wath the prep iratioris fr<e i 
the adult patient mfected wath v ancella 




Figs 11-19 VvnicbLi v Virus from Human Cvsls op Chicken Pok 
11 Magnific ition X 24,800 

12-13 Shadow ed w ith 21 4 mg of gold at the angle tangent 2/9 79 X 24,800 
14-15 Sh idowed with 23 0 mg of gold at the angle tangent 2/9 79 X 24,800 
IG Shadowed and magnified as figures 12 to 13 

17 Shadowed with 21 2 mg of gold at the angle tangent 2/9 79 X 24,800 

18 Shadowed with 21 5 mg of gold at the angle tangent 2/11 82 X 24,800 

19 Shadow cd w ith 21 2 mg of gold at the angle tangent 2/9 79 X 24,800 

Figs 20-22 Particles from Nonsiecific Lesions (See Teat) 
Shadow ed w ith 21 8 mg of gold at the angle tangent 2/9 79 X 24,800 
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FURTHER STUDIES ON THE ALCOHOL TOLERANCE OF YEAST 
ITS RELATIONSHIP TO CELL STORAGE PRODUCTS 
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It hxis been demoustr'itecl earlier (Gray, 1946) that it is possible to inerease 
the glucose toleiancc of a yeast by a process of acclimatization mvolving daily 
transfer of the yeast into fresh medium of relatively lugh glucose concentration, 
1 e , 20 per cent glucose medium It was found, how’cver, that while the glucose 
tolerance of such an acchmatizcd yeast was increased, the alcohol tolerance was 
decreased — a rather unexpected finding in xuew of the previous finding that a 
yeast that has a high glucose tolerance normally exhibits a high tolerance for 
alcohol Smeo the concentration of glucose that exerted an inhibitory effect 
upon yeast was foimd to be approximately the same concentration that mduced 
plasmolysis of the yeast cell (Gray, 1945), it is obvious that some change m cell 
contents must have been induced during the acclimatization process that resulted 
m an increased capacity of the cell for glucose toleration It is the aim of the 
present work to determine whether the concentrations of certam cell constituents 
bear any relationship to the capacity of a yeast for toleration of alcohol 

MATERIALS AND METHODS 

The yeast strams employed in tlus study were nos 1, 3, 20, 22, 28, and 31 of the 
Seagram yeast stock culture collection Of these yeasts all except no 20 {Wtlha 
anomala Steuber) weie strams of Saccliai oimjces ceremsiae Hansen These 
particular strams were selected smee they exhibit a wide range of alcohol toler- 
ances, rangmg from x’’ery low (no 20) to very high (no 31) 

In all experiments the medium for yeast growth consisted of 0 7 per cent Difco 
yeast extract, 0 5 per cent IHI2PO4, and 10 per cent glucose, the reaction of the 
medium bemg adjusted to pH 4 4 to 4 6 ivith normal H2SO4 The medium used 
for alcohol tolerance determinations was also prepared ivith Difco yeast extract 
and KHiPO^, instead of wath the glucose yeast water medium used m earher 
studies (Gray, 1941) Yeast grown ivithout aeration or agitation was incubated 
at 30 C, whereas aeiated cultures w'ere growm at room temperature, which vaned 
from 24 to 31 C 

Yeast cells m sufficient quantity for analysis were obtamed by growmg them m 
500-ml portions of medium m liter Florence flasks (wathout aeration) or m 350-ml 
portions m hter Kjeldahl flasks (aerated cultures) Cultures were aerated by 
passmg air through a stenhzed cotton filter and thence through a small-bore 
glass tube inserted m the medium almost to the bottom of the culture flask 
Aerated yeast was meubated for 24 hours and nonaerated yeast for 72 hours 
At the end of the mcubation penod the yeast cells w'ere centrifuged from the 

* Paper from the Department of Botany, Ohio State Umversity, no 603 
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culture medium, re^peuded m m/15 mPO„ and centrifuged agam, tiie cells 
were then rejispended m fresh KH2PO4 solution, centrifuged again, and lulled 
vuth boilmg distiUed water The bUed cells uem dned either m a vacuum oven 
at 65 C under a vacuum of 27 mches of mercury or m a drying oven without 
vacuum at 85 to 90 C 


The total ceU carbohydrate content was determmed by hydrolyzmg the dned 
yeast m normal HCl as described by Smedley-MacLean (1922), filtermg, wash- 
mg, combmmg the filtrate and washmgs, and determining sugar as glucose 
by the method of Stiles, Peterson, and Fred (1926) 

Total ether-soluble material, heremafter referred to as fat or lipid, uas de- 
termmed by extractmg dned, hydrolyzed yeast with anhydrous ether for 24 
hours m a microsoxhlet apparatus and weighing the ether-soluble extract 
Alcohol-absorbing capacity was determmed by centrifuging out the yeast cells 
and suspendmg 4 or 5 grams of wet yeast m 50 ml of approximately 5 per cent 
ethyl alcohol At the end of 20 minutes, the cells were centrifuged from the 
alcohol solution and 25 ml of the supernatant were distilled to a 50-inl volumetnc 


TABLE 1 


A comparison of the fat and carbohydrate contents of acclimatized and nonacclimatized 

cultures of yeast no 1 


YEASI TYIB ' 

AVSSAOS TOIAt JAT CONItiJX 

AVS2ACB lOTAle CAEBOSyfiXATS 
CONTENT 

1 No of 

1 analyses 

Grima 
per billioQ 
cells 

Percentage 

of 

dry weight 

1 No of 

1 Boalyses 

Granu 
per billion 
ceils 

Percentage 

of 

dry weight 

Acclimatized 

Nonacclimatized 

; « 

8 

0 00327 

0 00244 

5 86 

3 70 

14 

9 

0 01079 

0 01639 

19 14 

23 52 


flask The distillate was then made to volume with distilled water and the 
alcohol percentage determined by means of a Bausch and Lomb immersion 
refractometer The amount of alcohol absorbed by the yeast cells was then 
calculated from the difference m alcohol concentrations of the imtial alcohol 
solution and that m which the yeast cells had been suspended 
In all experiments, yeast cells used for moculum were cells taken from 24- 
houx-old cultures 


RESULTS 

For the prehmmary studies fat and carbohydrate detemimations were made 
on acclimatized and nonacclimatized cultures of yeast no 1 Since it was found 
that acclimatized yeast cells weighed less than nonacclimatized cells (0 05623 g 
per bilhon cells as compared with 0 06546 g per billion for nonacclimatized cells), 
the results of these analyses are reported both as percentage of dry weight and on 
a per biUion cell basis The results of these imtial analyses are shown m table 1 
From the results of table 1 it is evident that the amounts both of fat and 
carbohydrate stored by the ceU were altered duiing the acclimatization process. 
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the totil c irbohyclratc content being reduced whereas the total fat content was 
very maikcdly increased In view of these results it was thought that a com- 
parison of the fat and carbohydrate contents of several yeasts kno^vn to tolerate 
alcohol to difTcrcnt degrees might give some indication as to whether or not some 
ordeily relationslup exists between the amounts of these constituents stored by 
the cell and the latter’s capacity to tolerate alcohol Accordingly, analyses were 
made on yeasts 3, 20, 22, 28, and 31, the cells subjected to analysis bemg grown 
wthout aeration The results, together wath the results of analyses made on 
nonacchmatized yeast no 1, are shown m table 2 

The analytieal results in table 2 show that, in general, the higher the alcohol 
tolerance of the yeast, the less fat and carbohydrate are stored by the cell 
With respect to cell fat storage a very close relationship apparently exists between 
this process and alcohol tolerance, thus, we see from column 2 that alcohol 
tolerance is inversely proportional to cell fat content The yeasts used m these 
studies may be arranged as follows ivith respect to their alcohol tolerances 


T^VBLE 2 

Fal and carbohydrate contents of yeasts of various aleohol tolerances 


YTASThO 

AVERAGE TAT CONTEifr 
{% BY ViXlCat) 

AVERAGE CARBOHYDRATE CONTEHT 
(% BY wEicni) 

20 

mmmmm 

24 27 (4) 

22 


26 67 (4) 

1 


23 52 (9) 

3 

3 31 (3) 

16 95 (3) 

28 

2 94 (4) 

17 02 (5) 

31 

2 53 (4) 

15 62 (4) 


Grown without aeration Numbers in parentheses after fat and carbohydrate values 
indicate the number of analyses made The yeasts are arranged in the table in the order 
of increasing alcohol tolerance 


31 > 28 > 3 > 1 > 22 > 20 On the basis of cell fat contents, the arrangement 
would be the exact reverse, i e , 20 > 22 > 1 > 3 > 28 > 31 In general, the 
lower-alcohol-tolerant yeasts (nos 20, 22, and 1) contam greater amounts of 
stored carbohydrate than do those yeasts of higher alcohol tolerance (nos 3, 28, 
and 31) However, the close relationship that exists between alcohol tolerance 
and fat content is not exhibited between alcohol tolerance and carbohydrate 
content Thus, on the basis of carbohydrate content, the yeasts would be 
arranged 22 > 20 > 1 > 28 > 3 > 31 
Smee the foregoing results mdicated that cell fat content was apparently 
related to alcohol tolerance, it was felt that if the fat content of a yeast could be 
altered by some means other than contmued passage mto high glucose medium 
and alcohol tolerance studies made on the yeast of altered fat content, additional 
information concemmg this relationship could be obtamed Smedley-MacLean 
(1922), Smedley-MacLean and Hoffert (1923), and Nageh and Loew (1878) have 
pomted out that, when they are aerated, yeast cells store greater amounts of fat 
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The vanous strains of S cerevisme (nos 1 , 3 , 22 , 28, and 31) were groivn with 
CO tmuous aeration, and it was found that m each instance the yeasts stored 
larger amounts of fat than when grown ivithout aeration The results of analyses 
teWe 3 representative experiments of this type are presented m 

Smce with every yeast stram aeration durmg growth resulted m an increase in 
the ainount of stored fat, partial proof of a determmative relationship between 
cell fat content and alcohol tolerance should be obtamed through a comparison 
ot the alcohol tolerances of aerated and nonaerated cultures of the same strain 
Accordmgly, an experiment was run m order to detemnne the respective capaci- 
hes of aerated and nonaerated cultures of yeast no 1 for tolerating alcohol 
Cultures were groivn with and ivithout aeration for 24 hours, at the end of which 
period cell counts were made The cells were then centrifuged out of each culture 
and resuspended in sterile m/15 KH 2 PO 4 m quantities that resulted m equal cell 
counts m the two suspensions One-ml portions of these suspensions were then 
used to moculate 24-ml portions of medium m 50-ml Erlenmeyer flasks The 


TABLE 3 


The effect oj aeration upon cell fat content oj vanous strains of S cerevtstae 


EXJT NO 

YEAST NO 

aekahoh 

UXAn/lSOULOIL- 

TtlBE/lIUroiE 

7Ar cow 

Aerated 

nCNT (%) 

Ncnaerated 

1-44 

22 

14 8 

7 74 

6 29 

1-56 

1 

14 9 

4 18 

3 70 

1-45 

3 

17 0 

6 11 

3 31 

1-37 

28 

15 9 

6 27 

2 94 

1-36 

31 

10 0 

9 15 

2 53 


mitial glucose content of the medium was approximately 1 per cent and the 
initia l alcohol content varied from 0 to 12 per cent by volume After 24 hours’ 
incubation at 30 C, glucose detenmnations were made, and the percentage of 
glucose utihzation was calculated The results of this experiment are presented 


m table 4 

Table 4 demonstrates that, at the highest alcohol concentration (12 per cent), 
the alcohol tolerance of the nonaerated yeast was somewhat higher than that of 


the aerated yeast At the lower alcohol concentrations glucose utihzation was 
of about the same order of magmtude for the two yeasts, however, this may imd 
possible explanation m the fact that the mitial cell count was rather high and also 
in the fact that with this yeast stram aeration did not result in so great an in- 
crease m fat content as m some of the other yeast strains employed 

A giTnilnr alcohol tolerance expenment w'as performed with aerat^ ana 
nonaerated cultures of yeast no 31 As may be seen from the results m table &, 
aerated cells of no 31 behaved m the same fashion as aerated cells of no 1 , 1 , 
their alcohol tolerance was less than that of nonaerated cells 

Several experiments were run m order to detemnne whether the differences m 
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TABLE 1 

The ejfcct of ethyl alcohol conccnlralion upon glucose utilization by aerated and 
iionacraUd cultures of yeast no 1 


CULTVRJ: U£TflOO 

INITIAL ALCOHOL 
{%DV VOLUliE) 

1 

1 riKAL GLUCOSE 

(O/lOO ul) 

GLUCOSE UnUZEO 
(%) 

Vo rated 



97 63 

Nonaerated 



97 93 

Aerated 



97 36 

Nonaerated 


BW 

97 50 

Aerated 



97 07 

Nonaerated 



97 58 

Aerated 

12 0 


29 43 

Nonaerated j 

12 0 

■BB 

44 75 


Initial glucoso content — 1 077 g/100 ml, initial cell count in fermenters — 1 X IC/ml 


TABLE 5 

The effect of alcohol concentration upon glucose utilization by aerated and 
nonaerated cultures of yeast no 31 


CULTUfiE UETnOD 

INITIAL ALCOHOL 

(% ay voluue) 

TIN \L GLUCOSE I 
(o/IOO ML) 

GLUCOSE UTIUZZU 

i%) 

Aerated 

MB 

■Bfl 

96 61 

Nonaerated 

^BIb 

BTOB 

96 59 

Aerated 


B.TOB 

94 44 

Nonaerated 

BSB 

BitmB 

94 86 

Aerated 

BEIB 

BilmB 

55 00 

Nonaerated 

BSB 

BlIfiB 

69 01 

Aerated 

BSB 

BMB 

11 61 

Nonaerated j 

maM 

■Bfl 

15 54 


Imtial glucoso content — 1 120 g/100 ml, initial cell count in fermenters — 2 X lOVml 


TABLE 6 

The effect of aeration on ethyl alcohol absorption by yeast cells 


YEAST HO 

GSAU5 OT YEAST USED 

CULTURE METHOD 

TOTAL C or ALCOHOL 

1 ABSOaaED 1 

eSAUS or ALCOHOL AB- 
SORBED/100 C or YEAST 

1 

5 

Nonaerated 


1 460 

1 

5 

Aerated 


0 660 

1 

4 

Nonaerated 

0 057 

1 425 

1 

4 

Aerated 

0 016 

0 420 

20 

5 

Nonaerated 

0 075 

1 500 

20 

6 

Aerated 

0 051 

1 020 

31 

6 

Nonaerated 

0 079 

1 580 

31 

5 

Aerated 

0 017 

0 330 


alcohol tolerance between aerated and nonaerated cultures of the same stram 
of yeast might not be due, at least m part, to differences m permeabihty of the 
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yeast cells to alcohol Alcohol-absorbing capacities were taken as indicative of 
pemeabihty to alcohol, and the results obtained with yeasts 1, 20, and 31 from 
studies of this nature are presented an table 6 

The results in table 6 show clearly that aerated cultures of yeasts 1, 20, and 
31 all absorb less ethyl alcohol than nonaerated cultures, a fact which seems to 
indicate that aerated ceUs are less permeable to ethyl alcohol than are cells 
grown without aeration Whether this change m penneabihty is due to changes 
in total hpid content that always accompany aeration or whether it is a change 
that occurs mdependently of change m hpid content has not been detemuned 


DISCUSSION 


Fat and carbohydrate analyses made on nonaerated cultures of five strains of 
jS cerevistae and W ilha anomala demonstrate that for these six yeasts there is an 
obvious relationship between alcohol tolerance and quantity of cell storage 
products a relationship which had been mdicated by comparison of the alcohol 
tolerances and fat contents of acclimatized and nonacchmatized cultures of yeast 
no 1 In general it may be said that yeasts of low alcohol tolerance store larger 
quantities of fat and carbohydrate than do yeasts of high alcohol tolerance 
Thus, no 20, a yeast of very low tolerance, was found to contam 24 27 per cent 
carbohydrate (calculated as glucose) and 6 84 per cent fat, as compared with 
15 62 per cent carbohydrate and 2 53 per cent fat foimd m yeast no 31, a yeast of 
high tolerance In the yeasts studied, fat content vaned mversely with alcohol 
tolerance, a condition which mdicated a closer relationship between cell fat con- 
tent and alcohol tolerance than between cell carbohydrate content and alcohol 
tolerance The fact that cells of high fat and carbohydrate content have lesser 
capacities for toleration of ethyl alcohol is not surpnsmg m view of the findings 
of Ldndegren (1945a), who states that carbohydrate and fat reserves hinder the 
respiratory, fermentative, and buddmg activities of the cell This same worker 
m another paper (Lmdegren, 1945b) states that cells contammg abundant ac- 
cumulations of reserve matenal are m a state of dormancy, but that the dor- 
mancy is broken m a few hours when the cells are brought into a complete nutri- 


ent medium 

The fact that aerated and nonaerated cultures of the same yeast stram exhibit 
differences m total fat content as well as alcohol tolerance lends further weight 
to the view that fat content is at least m part a contnbutmg factor to the cells' 
capacity for toleration of alcohol Preliminary expeninents on the effect of 
aeration on capacity for alcohol absorption yielded results which mdicate that 
aerated yeast cells are less permeable to alcohol than are nonaerated cells, a 
phenomenon which may or may not m the present mstance be directly related 
to the fat content of the cell On the other hand, a possible explanation of the 
low'er alcohol tolerance exhibited by aerated yeast cells may be sought m the 
observation of Lmdegren (1945b) that alcohol causes many of the fat globules 
of the ceU to coalesce and that dead cells also contam coalesced fat es 
Thus It may be that coalescence of fat globules, certa^y a departure from ^ 
normal condition, simply occurs more readily m cells of high fat content 
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complete explanation of the relationship between fat content and alcohol toler- 
ance further studies are obviously necessary 

SUMMARY 

^^Jlalyses of the carbohydrate and fat contents of live strams of Saccharoinyces 
ccrvisiac and Wtlba anomala revealed that yeasts of high alcohol tolerance con- 
tain smaller amounts of these storage products than do yeasts of low alcohol 
tolerance In the yeasts studied, fat content varied inversely with alcohol 
tolerance Yeast no 20, the least tolerant, contamed the greatest percentage of 
fat, yeast no 31, the stram of highest tolerance, contained the smallest percent- 
age of fat, the other strains were mtermediate between these two extremes 
Acclimatized cultures of yeast no 1, known to be less tolerant of alcohol than 
nonacchmatized cultures, were found to store larger quantities of fat 
Aerated cultures of yeast, which always contain more fat than do nonaerated 
cultures, were found to be less tolerant of alcohol than anaerobically grown 
cultures of the same stram 

Prehmmary experiments on alcohol-absorption capacities of aerated and non- 
aerated yeast indicate the possibility of a relationship between alcohol tolerance, 
fat content, and permeability of the cell to alcohol 
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1 capacities were taken as indicative of 

pemeabihty to alcohol, and the results obtained with yeasts 1, 20, and 31 from 
studies of this nature are presented m table 6 

The results in tabhe 6 show clearly that aerated cultures of yeasts 1, 20, and 
3 all absorb less ethyl alcohol than nonaerated cultures, a fact which seems to 
indicate that aerated cells are less permeable to ethyl alcohol than are cells 
grown without aeration Whether this change m permeabihty is due to changes 
in total hpid content that always accompany aeration or whether it is a change 
that occurs mdependently of change m hpid content has not been determined 


DISCUSSION 


Fat and carbohydrate analyses made on nonaerated cultures of five strains of 
jS cerewstae and Wtlha anomala demonstrate that for these six yeasts there is an 
obvious relationship between alcohol tolerance and quantity of cell storage 
products a relationship which had been indicated by comparison of the alcohol 
tolerances and fat contents of acclimatized and nonaccbmatized cultures of yeast 
no 1 In general it may be said that yeasts of low alcohol tolerance store larger 
quantities of fat and carbohydrate than do yeasts of high alcohol tolerance 
Thus, no 20, a yeast of very low tolerance, was found to contam 24 27 per cent 
carbohydrate (calculated as glucose) and 6 84 per cent fat, as compared with 
16 62 per cent carbohydrate and 2 53 per cent fat foimd m yeast no 31, a yeast of 
high tolerance In the yeasts studied, fat content vaned inversely with alcohol 
tolerance, a condition which mdicated a closer relationship between cell fat con- 
tent and alcohol tolerance than between cell carbohydrate content and alcohol 
tolerance The fact that cells of high fat and carbohydrate content have lesser 
capacities for toleration of ethyl alcohol is not surpnsing m view of the findings 
of Landegren (1945a), who states that carbohydrate and fat reserves hinder the 
respiratory, fermentative, and buddmg activities of the cell This same worker 
m another paper (Lmdegren, 19455) states that cells contaimng abundant ac- 
cumulations of reserve matenal are m a state of dormancy, but that the dor- 
mancy is broken m a few hours when the cells are brought mto a complete nutri- 


ent medium 

The fact that aerated and nonaerated cultures of the same yeast stram exhibit 
differences m total fat content as well as alcohol tolerance lends further weight 
to the view that fat content is at least m part a contnbutmg factor to the cells' 
capacity for toleration of alcohol Prelunmary experiments on the effect of 
aeration on capacity for alcohol absorption yielded results which indicate that 
aerated yeast cells are less permeable to alcohol than are nonaerated cells, a 
phenomenon which may or may not m the present mstance be duectly related 
to the fat content of the cell On the other hand, a possible explanation of the 
longer alcohol tolerance exhibited by aerated yeast cells may be sought m the 
observation of Lmdegren (19456) that alcohol causes many of the fat globules 
of the ceU to coalesce and that dead cells also contam coalesced fat globu es 
Thus It may be that coalescence of fat globules, certainly a departure from t ic 
nomal conLon, simply occurs more readily m cells of high fat content For a 
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By far the majonby of studies hitherto made on germination of bacteiial spores 
have employed the appearance of visible turbidity as the ciiterion of germma- 
tion Obviously tlus technique can reveal no quantitative characteiistics of the 
germination process and is therefore of value only in cstabhshmg that some 
germmation docs or does not take place Even here its value may be questioned, 
smcc it has been clearly demonstrated that geimination of spores of vanous 
orgamsms may occur ivithout significant subsequent vegetative proliferation 
(Itano and Neill, 1919, Knight and Fildes, 1930, I^aysi, 1945, ICnaysi and 
Baker, 1947) Furthermore, various environmental conditions imposed upon 
germinatmg spores may have no mfluence on the germination time but yet may 
alter appreciably the rate of subsequent vegetative development (Evans and 
Curran, 1943) Our own experiments confirm tins finding 
Direct microscopic counts have been used for quantitative studies of the 
germmation of aerobic spores (Eckehnann, 1918, Curran, 1931), but such a 
procedure is unduly iveansome and not readily adapted to use with anaerobes 
Also, ivith certain species, for example. Bacillus anihracis, it may be very difficult 
to estabhsh microscopically a cnterion of germmation, as noted by Fischoeder 
(1909), Swann (1927), and Cook (1932) 

The outstandmg physiological difference between spores and vegetative cells 
of any one orgamsm, namely, heat labihty of the latter at a temperature m- 
noQUous to the former, has long been employed m quantitative approaches to 
spore germmation, smee it is assumed traditionally that when a spore cell is so 
changed that it becomes heat-Iabile, germination has taken place (Weil, 1901, 
Fischoeder, 1909, Evans and Curran, 1943) Although Curran and Evans 
(1937, 19456) have indicated that the heat-labile state may actually precede 
rupture of the spore wall and that some morphological changes charactenstic of 
germmation may occur pnor to the loss of thermal resistance of the spore, heat 
differentiation of the germinated vs the ungermmated spore appears to be the 
most practicable approach The fact that a defimte reproducible standard 
end pomt may be selected, viz , survival at a definite temperature for a defimte 
period of time, even though somewhat arbitrary, outweighs the overlappmg 

This project has been undertaken in co operation with the Committee on Food Re- 
search of the Quartermaster Food and Container Institute for the Armed Forces The opin- 
ions or conclusions contained in this report are those of the authors They are not to be 
construed as necessarily reflecting the views of or being endorsed by the War Department 
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between the physiological and morphological characters which renders the 
germination process an mdistmct one “ 

Consideration of other possible cntena of germmation has repeatedly brou-ht 
us to the conclimion that changes m heat labihty are best from every pomUf 
view, and they form the basis of this work The techmque has been designed 
especially for Clostndmm boiuhnum, an important orgamsm m food poisomnf' 
on which apparently no quantitative germmation studies of any sort have been 

made The method has been apphed, with appropriate modifications, to other 
anaerobic species 


EXPERIMENTAL 


Some of the prelunmaiy work was earned out with C hotuhnum strain 115B, 
stram 62A was utihzed m most of the work Both strains were obtained from 
National Canner’s Association and were repunfied by isolation of colomes from 
serial shake tubes Toxm formation was demonstrated for stram 62A by the 
fact that 1 0 ml of a Seitz filtrate of a 10-day broth culture was lethal for a gmnea 
pig m less than 21 hours, whereas a control animal receiving 1 ml of the filtrate 
mactivated at 80 C for 15 mmutes survived the observation period of 3 weeks 
Spore suspensions were prepared from 15-day cultures m Difco bram heart 
infusion broth with BBL thioglycolate supplement added After four washmgs 
the cells were heated to 75 C for 30 minutes to destroy vegetative forms and then 
■diluted m stenie distilled water contammg glass beads The final suspensions 
were shaken 1 hour on a rotary shaking machme to break up clumps and then 
stored m the refrigerator The efficacy of the homogenation procedure was 
shown by repeated compansons of counts by plantmg procedures and direct 
microscopic counts usmg the Petroff-Hauser chamber The former averaged 
about 60 per cent of the latter, which may be considered fairly good correlation 
Other anaerobes used were Clostridium chauvei, Clostridium histolylicum, 
Clostridium perfnngens, and the well-known food spoilage organism designated 


as putrefactive anaerobe no 3679 

The dormancy problem The phenomenon of dormancy or delayed germination 
has presented a formidable experimental difficulty, which doubtless has been 
largely responsible for the lack of any really quantitative studies on spore ger- 
mmation m C hotuhnum Thus various authors report germmation occurnng 
only after mcubation periods rangmg from 53 days to 5^ years (Burke, 1919, 
1923, Starm, 1924, Weiss, 1921, Sommer, 1930, Dozier, 1924, Dickson el al , 
1922 1925, Esty and Meyer, 1922, Dickson, 1928) Dormancy is notrestnete 
to G hotuhnum spores It has been estabhshed for spores of other dostridm 
(McCoy and Hastmgs, 1928), for spores of aerobic species (Burke el al , 1 J-o, 
Magoon, 1926, Morrison and Eettger, 1930a, 19306), and even for cells o 
B coh (Burke et al , 1925) Vegetative cells of C hotuhnum have been observe 
40 exhibit a degree of dormancy roughly comparable to that shown by the spores 

^^S'p^^requisite for systematic quantitative germination studies on “bot” 
isXcomplete ehmiation of the dormancy that has handicapped virtu- 
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ally ill previous studies with this organism in tins eonnection Acting on the 
belief that cultural environment probably conditions dormancy, we felt that the 
gcrminition medium offcicd the best prospects foi our objective This had 
been showm to be the case foi aciobic spoieformcrs in which dormancy could be 
eliminated by supplying the correct medium (Moiiison and Eettger, 1930a, 
19306 , Curran and Evans, 1937) In recent years improvements have been made 
in media, winch now give much higher counts than were possible mth the media 
foi merly used, a fact winch mdicates a Ingh degree of success in ehmmatmg the 
extremely long incubation period during which the spore count as measured by 
colony development w'ould continue to inciease 

Pork infusion thioglycolate medium’ has been found to give considerably 
Inghcr counts on a given spore suspension than do other media oidinarily used 
for such studies, but no indication is available that maximum counts are obtamed 
in short enough time to be a useful tool for routine studies (Wilham? and Reed, 
1942) Even this medium could be enhanced remarkably (30-fold) m the total 
count of heated spores obtainable after 23 days by the addition of 0 1 per cent 
soluble starch directly to the gcrimnation medium (Olsen and Scott, 1946) 

Our work confirms both the superiority of pork infusion as a germmation 
medium and the strikmg effect of starch on the germination process, and con- 
sequently on the spore counts We have further demonstrated that starch acts 
primarily to adsorb and thus render inactive small amounts of substances, 
present in all media, that repress spore germination This study is the subject 
of a separate paper Finally, the spore-countmg procedure ultimately evolved 
seemingly has eliminated dormancy as a practical obstacle in quantitative 
germinative studies on “bot” spores and, furthermore, for the first time enables 
maximum counts to be obtamed m an mcubation period no longer than that 
required for sizable colony development of any anaerobe, namely, 3 days 

Companson of several media popularly employed for counting C hotulinum 
spores One spore suspension heated to 75 C for 30 mmutes to destroy vegetative 
cells w^as senally diluted m tnpheate m the various agar media m flat Prickett 
countmg tubes and meubated at 37 C An effective anaerobic seal was obtamed 
by covermg the sohdified agar with 3 to 4 ml of 2 per cent agar contammg BBL 
thioglycolate supplement Pnekett tubes are essentially flattened test tubes 
and, though not generally used, have the decided advantage of permittmg colony 
counts to be made m a thm layer of agar mstead of m the entire diameter of a 
test tube If maxmum spoie counts obtamed m the pork thioglycolate starch 

’ The following procedure for preparation of this medium was kindly furmshed by Dr J 
Yesair of National Canner’s Association 

One pound of finely chopped lean pork is added to a liter of distilled water and boiled 
1 hour After removal of the meat and fat the filtrate is adjusted to pH 7 4 and to each 
liter are added 5 g of peptone, 1 6 g of tryptone, 1 g of glucose, 1 25 g of KjHPOi, and 15 g of 
agar 

It IS our practice to omit the glucose and add 5 g of BBL thioglycolate supplement and 
1 g of soluble starch per liter We also adj ust the final medium to pH 7 4 The troublesome 
precipitate resulting on boiling the final medium may be removed by filtration under nega- 
tive pressure or discarded after decanting the supernatant 
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medium are represented as 100, pork medium without starch gave 75. Difco 

1J25) 45, BBL anaerobic agar in Biewer anaerobic dishes as employed by Curran 
and Evans (1946) 28, Difco livei veal 20, and Wilson and Blair’s (1925) a<^ar 5 
Not only were counts consistently maxunum m pork medium with thioglycolato 
starch supplement, but they occurred much earher, reachmg the peak m 3 days’ 
mcubation as compared to about 3 weeks for bram heart infusion agar Ac- 
tually counts could be made on the second day, but the colomes at this pomt are 
reaUy too small to count easily or accurately Three-day-old colomes provide 
no difficulties If dormancy exists at all m the pork starch medium, it is believed 
to be a negligible mterference m quantitative studies Counts, i e , colonies 
originating from genmnatmg spores of C boiuhnum, have never been observed to 
mcrease appreciably on prolonged mcubation up to 2 to 3 weeks, whereas with 
other media the results aie meanmgless before that tune Counts of spore 
suspensions have legularly been around 50-1- pei cent of dneot microscopic 
counts (Petroff-Hauser chamber), a not too unsatisfactory correlation consider- 
mg the tendency of the spores to clump m various degrees and the fact that via- 
bility doubtless is not 100 per cent A special experiment to detect dormant 
spores (i e , ungermmated viable spores) in this medium after 3 days’ mcubation 
failed to reveal any that germinated up to the time of writmg, a period of 4} 
months Typical doimancy under these conditions manifests itself as gradually 
incieasmg counts over the entire mcubation penod 
Detailed procedure for studying germination of C boiuhnum spores The follow- 
mg procedures typify our approach to the quantitative study of the germina- 
tion process and of factors mfluencmg it One-ml portions of the appropnately 
diluted spore suspension weie tiansferred to tubes contaming 9 ml of Difco 
bram heart infusion broth with BBL thioglycolate supplement This particular 
germination medium was chosen because the relatively moderate rate of germina- 
tion occur rmg m it allows the study of factors both stimulatory and inhibitoiy to 
germmation The tubes were then heated to 75 C for 20 mmutes to expel 
dissolved oxygen and to effect any possible “heat activation” of the spores (Evans 
and Curran, 1943, Curran and Evans, 1945a) After appropriate mtervals of 
mcubation at 37 C m air or other atmosphere, rephcate (usually tnphcate) tubes 
were reheated to 75 C for 20 mmutes to destroy any vegetative cells that had 
developed as a result of germmation Residual spore counts were made as above 
in pork thioglycolate starch agar Available data indicate that genmnation ^ 
somewhat faster at 30 C than at 37 C, but for convemence 37 C was used m all 

these germmation studies , , , u 

Expression of residts Most workers have utihzed absolute numbers o 
residual spores as a basis for mtei-pretmg the effect of a particular treatment on 
the germmation process We feel that percentage of genmnation is to be P>- * 
ferred as a more rehable basis for mteipretation of results, because of the lar 
populations omployod, and especially B this true when gern^to .3 laffidy 
For examnle on the comparative basis of residual, relatively sma 
spore counts, Evans and Curran (1943) concluded that a considerable accelera- 
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tion of gcrmm ition of aerobic spores had resulted from preheating the spores m 
glucose broth If, however, the residual spoies are considered os a fraction of a 
large population and calculated as peiccntagc of that population, the stimulatory 
effect for 1 out of the 7 posituc cases would be less than G per cent and m one 
instance less than 0 1 pei cent Certainly the magnitude of the effect is much 
dificrent w'hcn expressed percentagewise, the only valid way in our estimation 
A simple numeiical example of tlus point seems worth while Suppose a germi- 
nation test IS run under two treatments on a spore suspension containing 5,000 
spores per ml and the residual spore count shows 100 and 200 per ml, respectively 
While the 100 per cent dilTcrencc betw'ecn the residual spore counts seems 
striking, the values for germinated spores are the design of the experiment and the 
more important data These would be 1,900 and 4,800, respectively, or 98 and 
96 per cent germination, an insignificant chfTercnce in work of this nature 
Application to germination under stimulatory and under inhibitory treatments 
Though germination curves may be employed for deternunmg the effect of a 
given factor throughout the time course of germmation, the effect taken at any 
one significant mcubation time is usually sufficient 


TABLE 1 

Effect of starch on germination 


STASOl 

ISCUBATlO'f 

AVC COUKT SESIDUAL 
SPORES 

OERinrfATEO SPORES 

CElUINAnOH (%) 


haurs 





0 

575 




24 

400 

175 

30 

0 1% 

24 

60 

515 

90 


K a stimulatory factor is being studied, the time selected should be such that 
genmnation is relatively small m the control m order to allow the treatment to 
manifest itself to the maximum An example is the effect of 0 1 per cent soluble 
starch m the germmation medium (bram heart broth) shown m table 1 The 
spore-countmg medium w^as the usual pork thioglycolate starch agar 

On the other hand, an inhibitory effect is best demonstrated at an mcubation 
time when germmation is nearly maximum m the controls Table 2 demon- 
strates that germmation m bram heart broth is considerably retarded by momen- 
tary contact ivith air during the lemoval of sample tubes for counting from a 
desiccator made anaerobic ivith an mert gas phase (natural gas, CHi), even 
though re-exhaustion wath a Hyvac pump and replacement wnth mert gas is done 
without delay In the unopened desiccator 87 per cent of the spores germmated, 
whereas m the desiccator opened biiefly at 20 and 24 hours only 29 per cent 
germmation was ob tamed — a stiikmg mhibition 
Accuracy and reproducibility of spore counts The degree of accuracy obtam- 
able with this method depends, of course, on the number of replicates used for 
determmmg the “average” counts For zero controls tnpheate tubes were 
generally used, with triplicate dilutions plated for each tube, or a total of nme 
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coimts For other averages tnphcate tubes with duphcate or triplicate platia-^ 
of dilutions were usually employed The over-aU reproducibihty and accuracy 

of counts on a 0 boiuhnum spore suspension stored m the refiigerator are 
illustrated m table 3 

Agreement between rephcate countmg tubes seems to depend on several 
factors, mcludmg scrupulous chemical cleanlmess of glassware, the presence of 


TABLE 2 

Effect of momentary contact wtlh air on germination in natural gas 


1 

INCUBATION 

AVC COUNT BE 
SIDUAL SPOKES 

CEBUINATEI) 

SPOKES 

CESiUNATlOH 

(%) 


hours 




Desiccator unopened 

0 

560 


1 


28 

74 

485 

87 

Desiccator opened twice to remove 

0 

’ 535 



samples at 20 and 24 hours 

28 

380 

155 

29 


TABLE 3 


Reproducibility of spore counts on a single suspension 


DATE Op COUNT 

SPORES PER m. 

3/10 

535 

3/15 

560 

3/27 

540 

4/2 

575 

4/9 

1 530 

4/20 

560 

4/20 

520 

4/24 

600 

4/27 

600 

4/30 

535 

5/22 

540 

6/1 

580 

Average 

' 548 

Extreme deviation from mean 



soluble starch m the countmg medium, and the atmosphere m which germination 

B .amMi!/ Comaderable has been aeeuButated 

tlil geLnafou of -bot” spores rs ostremely suscepfble t° /-““t 
substances m the general categoiy of unpurities As mentioned earher, - 
occur m aU orgamc media and possibly m tap water At any rate, a ^ 

rnatrwL'expenenced between rephcate ^be ^ 

the suspension until a ngorous cleaning procedure was adopted 
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ductlou m count viuition followed when tlic cleaning was done mth “dreft,” 
followed by thoiough rinsing with distilled watei However, the best means of 
minimizing tins tube to tube vaiiation proved to bo the additional feature of 
incorpoiation of the staich The adsorption effect mentioned above explains 
this leveling action of the staich 

Fm illy, even though the cultivation of the germination tubes in an atmosphere 
of ordmiry air gives good grow'th, use of an inert atmosphere of natural gas 
furthei 1 educed appicciably the count variation in replicate tubes 

These procedures woik equally well with the four other anaerobic spore- 
formers tested 


SUMREVRY 

A simple, reasonably accurate method for quantitative study of spore germina- 
tion in Clash idium holulinuin and other anaerobes is described The obstacle of 
dormancy has been elumnated, maximum counts appearmg m 3 days Illustra- 
tions are given of the application of the method 
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Though virtually every aspect of the growth and death rates of bacterial cul- 
tures has been subjected to searching kinetic analysis, the spore germination 
process itself has been largely neglected Probably this is due particularly to 
the failure to discriminate precisely between the actual germination process and 
the subsequent vegetative development and, especially ivith anaerobes, to made- 
quate countmg methods The only two reports really bearing on this issue, both 
dealing with aerobic sporeformers, failed to evaluate the process other than to 
conclude that the number of spores germmating increased with tune (Fischoeder, 
1909, Eckelmann, 1918) This paper deals quantitatively with the germmation 
process in the anaerobic sporeformer Clostridium hoiuhnum stram 62A 

E'?PERIMBNTAL 

The germination medium was Difco brain heart infusion broth with BBL thio- 
glycolate supplement The counting medium, procedures, and other details 
are as described in the precedmg paper (Wynne and Foster, 1948) 

It was observed repeatedly that the loganthm of numbers of residual spores 
m a spore suspension in a germination medium plotted against time gives a 
straight hne, at least until 95 per cent or more of the spores origmally present 
have germmated 

Data for a typical experiment are given m table 1 and are plotted as curve A 
m figure 1 together with curves B and C, the latter two representing experiments 
in which the germmation was allowed to take place m air, as contrasted to the 
natural gas atmosphere (CH4) m the experiment described by curve A and table 
1 The general equation for a first order reaction may be writen as 

434iiC = l/t log (1) 


in which K 
t 
I 
G 


= a constant 

= tune elapsing smee beginning of germmation (to) 
— no spores per ml at begimung of germmation 
= germmated spores at tune t 


* This project has been undertaken in co operation with the Committee on Food Research 
of the Quartermaster Food and Container Institute for the Armed Forces The opimona or 
conclusions contained in this report are those of the authors They are not to be construed 
as necessarily reflecting the views or having the endorsement of the War Department 
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abovT'^vmJ ^ ® “bsftule R m the equahoi 


or 


434^: = i/t log i/ji 


( 2 ) 


K = I ~ log R) 

mt (3) 



Fig 1 Geemination Cxjbves op C Botulinum 62 A 


TABLE 1 


Germinalton tn natural gas 


INCUBATION 

AVERAGE 
COUNT RESIDUAL 
SPORES 

GERIONATED 

SPORES 

% CEBiaNAHON 

LOO RESIDUAL 
SPORES 

K CAictnjiiiD 
lOi /j - 20 Hi 

hours 






0 

560 



2 75 


20 

I 560 1 

° 1 

° 1 

2 75 1 


22 

230 

330 

59 

' 2 36 

449 

24 

200 

360 

64 

2 30 

259 

28* 

74 

485 

87 

1 87 

251 

30 

39 

520 

93 

1 59 

207 

32 

28 

530 

95 

1 45 

250 


* Counts for 26 hours are not given omng to accidental overheating of the tubes in the 
incubator 
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Tho K values m table 1 were computed assuming to = 20 hours, which ob- 
viously IS a minimum value as under the e\permiental conditions to could have 
been any time between 20 and 22 hours Owing to this experimental inaccuracy 
the K value for the 22-hour period is off, but is reasonably constant for the other 
periods, indicating that the germination process conforms to a first-order reac- 
tion Curve A, figure 1, shows also that the germination process is logarithmic, 
thus conforming to the kinetic picture typical of all growth and killmg rates of 
bacteria 


TABLE 2 


Relation of duration of lag to concentration of inoculum in air 


INOCULUU 

LAO PEKIOD 

C, CAICDLATED* 

Sports/ml 

hours 


2,400 

28 

95 

2,100 

28 

93 

630 

36 

98 

340 

40 

101 


•Equation (4) 



Fig 2 Relationship of Length op Lag Phase of Germination to[Reciprocal[]of Log 
OF Number op Spores per ml in Inoculum 

It is obvious from curves B and C in figure 1 that the duration of the lag penod 
depends on the concentration of the inoculum By extrapolatmg these logarith- 
mic germmation curves, as well as others, values representmg the length of the 
lag period were obtamed according to the inoculum density as given m table 2 
The length of the lag period appears to vary as the reciprocal of the logarithm of 
moculum numbers and obeys the followmg relation 

C 


L 


Log I 


(4) 
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m which L = length of lag phase in hours 

I = no of spores per ml m inoeulum 
C* = a constant 

The vahdity of this expression is borne out by the fact that the values of ~i- 

plotted against L made a straight Ime (figure 2) , computed values for C aUhe 
different levels of inoculum agree fairly well, as seen m table 2 

These data were obtained from cultures incubated m ordmary air Cunously, 
these relations did not apply when incubation was done in a desiccator with an 
atmosphere of natural gas, at least under these conditions 

niSCTJSSION 

Neither Fischoeder (1909) nor Eckelmann (1918) drew any conclusions per- 
taimng to the kmetics of the gemunation observed by them, but a plot of their 
data agamst tune shows they actually were concerned with logarithmic gennina- 
tion processes However, data of the former author for the genrunation of 
Bacillus anthracis in goat and dog sera indicate that germmation was not log- 
arithmic under those conditions It is obvious that any factor mimical to 
germmation may at once rule out the logarithmic relation 

The tentative equation suggested above for the length of the lag period 
obviously should be tested further wath more data If this equation is valid, 
plottmg the length of the lag phase agamst the loganthm of inoculum directly 
should give a hyperbola, since (L) (log /) « (7 Though such a plot from the 
values determined above is compatible with a hyperbohc curve, the points are too 
few to define the curve clearly 

In contrast to the paucity of information on the lag period of spore germina- 
tion an abundance of work has been done on vegetative cells, but as spore 
germmation does not mvohe actual cell multiphcation we consider the spore 
problem one distmct from vegetative activity The apparent failure of equa- 
tion (4) to hold in an atmosphere of natural gas (i e , no oxygen) cannot be 
explained at present Suspicion might be directed to the influence of the 0-B 
potential on germination, an effect found to apply to spores of the anaerobe 
Bacillus leiam (Fildes, 1929, Knight and Fildes, 1930) Rapidity of germina- 
tion depended on the time required for the medium, and presumably the mtenor 
of the spores, to reach a suitable reducmg intensity, and spore numbers might 
influence this action Fmally, natural gases may contam traces of impurities 
which might account for this discrepancy 

SUMMARY 

The germmation process of spores of Clostridium boiubnnm 62A is logarithmic 
In air atmosphere the length of the lag period m germination vaned inversely 
with the loganthm of the number of spores per ml in the inoculum These re- 
lations are expressed mathematically 
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It has been shown that the in vitro activity of dilute solutions of penicillin 
against Staphylococcus aureus may be increased 4- to 8-fold in the presence of 
trace amounts of cobalt chloride (Strait, Dufrenoy, and Pratt, 1947) and that 
the enhancing effect is even more pronounced when gram-negative, pemcilhn- 
resistant orgamsms such as Eberthella typhosa, Proteus vulgaris, or Escheriehia 
coll are used as test organisms (Pratt and Dufrenoy, 19476) This effect seems 
to be specific to cobalt among the ions studied, smee salts of Ni, Mn, Pt, Tr, Fe, 
Zn, Sr, Cd, Li, Cu, Ag, Au, and Bi have been studied, and none has been so 
effective in producing a similar enhancement of penicillm activity m the range 
from 0 01 to 10 ppm 

A similar action of cobalt on pemcillin activity has now been demonstrated m 
mice inoculated with lethal doses of E typhosa 

Different groups of 30 adult mice (Swiss IQoke) were injected intrapentoneally 
with 0 5 ml aqueous solutions of crystallme sodium benzyl pemcilhn alone (2,000 
umts per animal) or ivith the same dose of the pemcilhn combmed with different 
amounts of cobalt ranging from 4 to 256 imerograms of CoCh 6H2O per animal, 
or ivith the solutions of cobalt chlonde alone Thirty mmutes later the nniTinnk 
were moculated intrapentoneally inth 0 4 ml of a 6-hour broth culture of Eber- 
thella typhosa (approximately 2 X 10® orgamsms) This procedure is essentially 
similar to that proposed by Welch, Randall, and Pnee (1947) for the detection of 
an enhancing “factor” found m certam commercial lots of amorphous pemciUm 

Experimental results are shown in table 1 Five experiments ivith the same 
procedure but with different control conditions all yielded similar results 

The data for 24 hours show that 64 micrograms of cobalt chlonde admimstered 
simultaneously with 2,000 umts of crystallme benzyl pemcilhn enhanced the 
activity of the penicillin approximately 50 per cent, 1 e , 2,000 umts with cobalt 
chloride protected animals for 24 hours as well as did 3,000 umts without cobalt 
Larger amounts of C0CI2 6H2O admmistered with the pemcilhn caused greater 
enhancement Thus with 256 micrograms of cobalt chlonde admmistered with 
2,000 umts of penicillm, the enhancement of the activity as seen from the 48- 
hour mortality data is of the order of 100 per cent, 1 e , 2,000 umts of pemcilhn 
plus 256 micrograms of cobalt chloride protected animals for 48 hours as weU as 

* The execution of this work waa made poaaible by a generous research grant from the 
Cutter Laboratories, Berkeley, California 

’ With the laboratory assistance of Virginia Lamb and Ellen Clark 

• We wish to acknowledge with thanks the interest, suggestions, and co-operation of Dr 
Ralph Houlihan and Miss Ellen Clark of the Research Division of the Cutter Laboratories 
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id 4 000 mthout cobalt There were no further deaths after 48 hours 

The percentage of enhancement at 24 hours was much greater than at 4S hnnr- 
Aduo™tratK,n of cobalt chlonde aloue couferred no proSuont rltw 

a T be interpreted merdt 

as the additive effect of two antibiotics actmg sunultaneously 

It see^ hkely that the schedule of injection that was used failed to provide a 

sufficient concentration of cobalt over a long enough period of time to sustain 

adequately the enhancmg action Copp and Greenberg (1941) shoved that m 

rats small doses of mtrapentoneally mjected cobalt were excreted largely m the 


TABLE 1 


The effect of cobalt with pentcillin 


TEST JATEEIAL INJECTED 30 UOTOTES BEEOEE 

NTJUBEa OP 

FEICENTACE OE UOSIAtllY Ami 

INCXrUtUU OP Z TYPHOSA 




24 hours 

43 hours 

Control (inoculum only)* 

555 


90* 

Control (inoculum only) 

100 

92 

92 

Penicillin (2,000 units)* 

530 


78* 

Penicillin (2,000 units) 

90 

77 

80 

Pemoillm (3,000 umts)* 

560 


67* 

Pemcilhn (3,000 units) 

60 

72 

77 

Penicillin (4,000 units)* 

I ^ 1 


45* 

fPemcilIin (2,000 umts) 1 

(plus CoClt 6HiO (0 064 mg)| 

60 

69 

1 79 

jPemcillin (2,000 umts) 1 

tplua CoCls 6H,0 (0 256 mg) / 

90 

27 

39 

CoClj 6HiO (0 256 mg) 

60 

95 

96 

Cobalt control CoClj 6HjO (0 256 mg)t 




with no subsequent inoculation with 

E typhosa 

10 

0 

0 


* Accumulated data from Microbiological Research Department of Cutter Laboratories, 
Berkeley, California 

t No deaths occurred when doses as high as 0 512 mg per animal were administered, but 
the ammals seemed drowsy and disinclined to move voluntarily for 24 hours, although 
they were active if prodded slightly Higher doses were not used No symptoms of tomc- 
ity or altered action were seen in ammals receiving 0 256 mg 

first few hours 70 per cent via the urme m the first 10 hours and approximately 
only an additional 10 per cent m the next 14 hours ^ 

It was observed in vitro (Strait, Dufrenoy, and Pratt, 1947) that there is an 
optunum concentration of cobalt for secunng the maximum enhancement of 
pemcilhn activity and that to secure the best efi’ect a penod during vhich the 
cobalt IS m contact with the pathogen before the application of penicillin is 
desu-able Thus it may be surmised that, in viio, appropriate doses of cobalt 
chlonde admmistered before and penodically for several hours after appropriate 
doses of pemcilhn would be effective m mcreasmg and prolongmg the effect of the 
pemcilhn We are mvestigatmg this matter as w ell as the use of cobalt-penicilhn 
mixtures m the treatment of acutely and chromcally infected animals 
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The enhancement of penicillin activity cITected by traces of cobalt in mlro and 
in viLO differs from that induced by the “factor” reported by Welch, Randall, and 
Price (19 17), Inch is detectable only in vivo 

These experiments nere concen ed because of the demonstrated effect (Albert, 
19 17) of cations on the bacteriostatic activity of agents with which they had the 
capacity to form complexes Evidence has been presented (Dufrenoy and 
Pr itt, 19 17 , Pratt and Dufrenoy, 19 17a) that agrees mth the hypothesis that the 
bacteriostatic actix ity of penicillin can be correlated with a shift in the oxida- 
tion-reduction potential, possibly attributable to dehydrogenation of the — SH 
groups from sulfhydryl- containing protems Thus it may be proposed that the 
synergistic effect of cations may be ultimately associated with the formation of 
complexes with — Sll-contaimng groups or with some other essential component 
of an energy-providing oxidation-reduction system The degree of inliibition 
effects exhibited by the xmrious cations may be related to the degree of binding of 
the cations in the complex Thus Cd and Ag, which form stable complexes, are 
highly toxic, hereas Co, w hich forms loose complexes with — SH groups, is much 
less toxic 


SUMMARY 

The enhancement of penicilhn effectiveness by the addition of small amoimts 
of cobalt, previously observed in vitro, has been demonstrated in vivo Adminis- 
tration of 25G nucrograms C 0 CI 2 CH 2 O ivith 2,000 units of crystalhne sodium 
benzyl pemcillm per animal exerted a protective action against Eberthella 
lyphosa in adult mice equivalent to at least 4,000 umts of the pemcillm alone 
Concentrations as low as G4 micrograms of cobalt chloride produced some 
enhancement of penicillin effectiveness Cobalt chloride alone in these concen- 
trations V as not toxic and conferred no protection on the animals 
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McCoy, Fred, Peterson, and Hastings (1926) state “One of the most distinc- 
tive features of the group to which the butyl organism belongs is the granulose 
reaction Young vegetative cells stam yellow with iodine As sporulation 
approaches and the cells take on clostridial form, they store granulose and stain 
blue or violet with iodine As the spores mature the granulose reaction is lost, 
indicating that the reserve material has been utilized in sporulation ” This 
microscopic observation has long been used as a cnterion for the classification of 
members of this lodophilic group Batchelor and Cune (1929) have grown cul- 
tures of soil butyrics in oat jars, then flooded the plates with lodme, and deter- 
mmed the lodophiles by the macroscopic observation of the blue-black colonies 
In reportmg a study of the cultivation and identification of the butyric anaer- 
obes (Spray, 1937), there was discussed a striking phenomenon observed m serm- 
solid agar cultures of certain members of this group This reaction was obtamed 
when Gram’s lodme was added to glucose semisohd agar cultures, which immedi- 
ately turned dark violet This reaction was consistently obtamed with only 
certam members of the group and thus appears to have a possible value for the 
differentiation of certam species In view of the chaotic taxonomy of the butyric 
group, such a “species” character may prove of the same significance as the 
“stormy fermentation” of Closlndium perfnngens, the “iron-gelatm” reaction of 
Clostridium histolylicum, and the “vaniUm-violet” (skatol) reaction of Clostridium 
sporogenes and Clostridium parabotulinum (Spray, 1936) 

The conditions under which granulose is formed have been a matter of con- 
siderable study We mention here only the study of Svartz (1930), who states, 
“The typical lodophil, clostridium-formmg bacteria m the feces never deposited 
lodophil substance m a medium with a pH of less than about 6 6, even when 
there was plenty of carbohydrate m the medium ” This held true also for a 
senes of butyncs from vanous sources 

We have confirmed this statement m regard to a vanety of butyncs obtamed 
through the eourtesy of Dr Elizabeth McCoy and Dr Ivan Hall — mcludmg 
McCoy’s Clostridium saccharobutyncum (Wis 63), Clostridium felsineum (Wis 
41), Clostridium pasteunanum (Wis 60), Granulobacter saccharobutyncus- 
immobile-non-liguejaciens (Wis 24), Clostridium butyncum-iodophilum (Wis 61), 
Clostridium butyheus (Wis 39), “unknown butync” (Wis 33), Clostridium 
acetobutyheum (Wis ), Clostridium roseum (Wis 43), and a senes of “unknown 
butyncs” from Dr HaU, nos 9039, 9041, 3234, 7241, 3813, 274, 9040, 9042, and 
9043 However, these facts did not seem to apply to certam strains, mcludmg 
* Professor Emeritus Present address Box 742, Cumberland, Wisconsin 
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bajenncht (Wis 68), C betjmncbi 
^AiUU 058), and Halls unknown butyncs” nos 1067, 1334, 3815, and 3235 


TABLE 1 

Esitmaiton of growth determined hy turbidtly and gas formation at 17 hoars' incubation 



TUBE SO 

CDLTTIBS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

u 

11 


GLUCOSE % 


20 

1 8 

16 

1 4 

1 2 

10 

08 

0 6 

04 

02 

0 1 

0 05 

0 025 

000 

Wis 6 

4 

4 

4 

4 

4 

4 

4 

3 

2 

1 

1 

± 

? 


Wis 60 

4 

4 

4 

4 

4 

4 

4 

3 

2 

1 

1 

± 

? 

? 

Wis 24 

4 

4 

4- 

3 

2 

2 

2 

2 

2 

1 

1 


i 

? 

Wis 39 

4 

4 

4 

4 

4 

4 

4 

3 

2 

1 

1 


? 

? 

Wis 68 

4 

4 

4 

4 

4 

4 

4 

4 

3 

2 

1 


? 

? 

Wis 61 

4 

4 

4 

4 

4 

4 

4 

3 

2 

1 

1 

1 

± 

? 


TABLE 2 


Granulosa reaction at 17 and 41 hours’ incubation by the spot plate iodine test 





TUBE NO 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

HI 

IB 

14 


CULTURE 










Hi 

Ub 





GLUCOSE % 




20 

m 

ID 

ID 

D 

ID 

IQI 

IQ 

04 

02 

D 

B 


OQQ 

No 


17 hr 

4 

4 

4 

4 

4 

4 

4 

3 

2 

1 

± 

? 

— 

- 

5 

41 hr 

zh 

3 

4 

3 

2 

3 

2 

1 

1 

— 

— 

— 

— 


No 

60 

17 hr 

41 hr 

1 

1 

B 

B 

? 

? 

1 

1 


- 

1 

1 

- 

— 

- 


24 

17 hr 

B 

B 

fl 

? 

? 

? 

? 1 

? 



1 

1 ~ 1 

— 

- 

No 

' 41 hr 

1 _ 

H 



! 

- 

_ 



— 

' — 

— 

— 




17 hr 

■ 

B 

' ? 

1 2 

13 


± 

? 


1 

— 

— 

- 

- 

No 

39 

41 hr 

H 

? 

? 

- 

- 

- 

— 

— 

— 

— 

— 

— 




68 

17 hr 


4 

4 

4 

4 

4 

4 

4 

3 

2 

1 

± 

- 

- 

No 

41 hr 

3 

2 

3 

2 

3 

2 

2 

1 


— 







17 hr 

_ 


? 

? 

? 

— 

? 

— 

— 

- 

- 

- 

- 

- 

No 

61 

41 hr 

— 

— 

— 

— 


— 








— 


We proceeded then to a more intimate study of the phenomenon, applying 
the lodme test to semisohd glucose agar cultures A sugar-free b^e pre- 
pared (1 per cent Difco neopeptone, 1 per cent Difco tiyptone, and 0 2o per ccn 
agar m tap water) To one-half of this n as added 2 per cent glucose, and dUu 
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tiona were made with the sugar-freo portion, giving glucose concentrations of 
2 0, 1 8, 1 0, 1 4, 12, 1 0, 0 8, 0 6, 0 4, 0 2, 0 1, 0 05, and 0 025 per cent, and a 
sugar-free control The final reaction after autoclaving in tubes was about pH 7 2 
These glucose dilutions were inoculated with selected strains from the group 
enumerated above, and all tubes were incubated at 37 C After 17 hours’ incu- 
bation all tubes were examined for presence and amount of growth and gas, as 
recorded in table 1 At the same time samples were aseptically removed with 
capillary pipettes and tested for granulose on a spot plate, 2 drops of Gram’s 
iodine being added to 5 drops of culture and stirred The darkest violet reaction 


TABLE 3 

Beckman pH dclcrmxnalions and granuloae reaclxom at 117 hours’ incubation, iodine added 

to shaken lube cultures 






TUBS NO 



CULTUU 

1 

2 

3 

A 

5 

6 

7 

8 

9 i 

m 

11 

D 

13 

14 





GLUCOSE % 





Bl 

iHB 

m 

1 

1 11 1 

m 

m 

06 

04 

IB 

IB 

m 

0 025 



■ 

■ 

pH 

CO 

CO 

4 17 

1 

4 15 

m 

lii 

4 33 

4 41 

4 55 

4 78 

5 17 

5 70 

6 04 


6 69 


9 

Grn 

4 

1 

4 

4 

4 

4 


4 

3 

2 

j 


— 

— 

— 

— 

No 

60 


pH 

Grn 


5 05 

5 04 

M 


4 82 

4 73 

4 78 

4 92 

5 32 

5 79 

6 24 

6 45 

6 72 

No 

24 


pH 

Grn 


5 04 

m 

fl 

4 95 

4 86 

4 75 

m 

4 94 

5 34 

5 88 

6 23 

6 45 

6 69 

No 

39 


pH 

Grn 

5 10 

5 14 


6 18 

B 

4 78 

4 78 

4 80 

4 87 

5 43 

5 92 

6 27 

6 46 

6 76 

No 

68 


pH 

4 61 

4 64 

4 68 

4 69 

4 64 

4 66 

4 71 

4 89 

m 

5 46 

6 02 

6 48 

6 55 

6 74 


Grn 

4 

4 

4 

3 

4 

3 

3 

2 

± 

? 

— 

— 

— 

— 

No 

61 


pH 

Grn 

5 07 

5 05 

5 11 

5 02 

4 97 

1 

4 90 

j 

4 81 

CO 

00 , 

4 93 

5 36 

5 86 

6 24 

6 46 

6 68 


was recorded as 4 (-1--1-H — h), and less color m terms of comparative mtensity 
as 3, 2, 1 , ± , and — The spot plate test was repeated after 41 hours’ incubation, 

and the results of the two series are presented m table 2 
Fmally, after 117 hours’ incubation the pH of each tube was determmed by 
the Beckman potentiometer, after which the entire contents of each tube were 
tested for granulose by shaking up the culture and then addmg from 5 to 25 drops 
of Gram’s lodme to each tube In this test an imtial strong reaction was fol- 
lowed by rapid fading Further additions of 5 drops delayed this fadmg, until 
with 25 drops (to about 7 ml of medium) a relatively stable color was developed 
An attempt was made to measure this color m rather defimte terms of starch- 
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lodme color A 10 per cent solution of soluble starch (Difco) was accurately 
prepared in distilled water From this were prepared 10 dilutions and a starch- 
free control To tubes of these dilutions, in the same volume as the cultures 
me same amounts of lodme were added and the colors recorded in similar terms' 
These starch-iodine tubes, as color standards, were used for companson with the 
culture reactions Incidentally, we found that the soluble starch gave a color 


TABLE 4 


Soluble-starch-todme reactions [standards) 


TUBE NO 

1 

2 . 

3 

i 

5 

6 

7 

s 

9 

la 

11 

Soluble starch % 
Staroh-iodiae 
reaction 

1 

1 

0 25 
4 

0 125 
4 

0 063 

1 4- 

0 031 

3 

0 016 
2 

1 ^^ 


1112 

ODOO 

1 — 


TABLE 5 

Granulose reactions at 117 hours’ incubation recorded in terms of equivalent soluble starch 

iodine reactions [table 4) 



1 

2 


4 

5 

6 

7 

8 

9 

10 

11 

12 

11 

« 

Wia 5 

05 




0 25 

0 25 

0 125 

0 063 

0 016 

0 002 

0 00 

000 

0 00 

000 

Wis 68 

0 s 

0 5 

0 125 

0 063 



0 032 




0 00 



1 

Wi3 60’ 
Wis 24 
Wis 39 
Wia 61, 



0 0 

0 00 

0 00 

0 00 

0 00 

1 

1 

0 00 

0 00 

0 00 

0 00 

0 00 


TABLE 6 


Significant fermentations of 1 per cent carbohydrates in semtsoltd agar base 


CUtTUKE 

LACTOSE 

COEN 

STASCa 

DSxrtJN 

GLYCOGEN 

SAUCIH 

CLYCEEOL 

HANmroL 

SOKECTOL 

DUICITOL 

INOJnUL 

Wis 5 

~ 

1 

- 

— 

- i 

-f ! 

1 


+ 

. 

+ 

Wis 60 

+ 

+ 

-f 


+ 

! 

i 

+ 

+ 

+ 

Wis 68 

+ 

- 


— 

+ 

- 


+ 

1 

+ 


reaction almost exactly comparable to that of the granulose Similar dilutions 
of cornstarch gave a distinctly bluer color, much less satisfactoiy for compansoD 
g^The results of these tests are recorded m tables 3, 4, and 5, only for ® 

?gmacant cultures C pasieurtannm (Wis 5), C 

Granulohacter saccharobutyncu^mmobil^mn-hquefaaens 0\i3 

taUy, a misnomer for this stram, both because of the name and the fact that the 
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culture 18 actually motile, C butylicua (Wis 39), C bnjennckit (Wis 68), and 
C butyrtcum-todophilum (Wis 61) 

Of the other cultures enumerated above, and not included in the tables, the 
Wisconsin series 63, 41, 33, C acclobulyhcum, and 43, and Hall’s “unknowns” 
9039, 0041, 3231, 72>il, 3813, 274, 9040, 9042, and 9043 fall in the granulose- 
negative group The ATCC 858 and Hall’s “unknoivns” 1067, 1334, 3815, and 
3235 fall in the granulose-positive group 

From these reactions of selected, representative species there appear three 
interesting observations (1) the granulose reaction may be determined con- 
vemently and sharply in a sermsolid glucose agar, (2) this reaction is not neces- 
sarily inhibited by a strong acidity (as low as pH 4 15), and (3) the test by the 
method given seems to distinguish two species ((7 pasteunanum, Wis 5, and C 
betjcnnckit, Wis 68) from all of the other butyric anaerobes tested 

It should be noted that C paslcunanum (Wis 60) does not show the granulose 
reaction The explanation appears in the results of the fermentation tests with 
the vanous carbohydrates (table 6) Only the sigmficant differential carbo- 
hydrates are included 

My reactions of Wis 5, originally from Winogradsky, check with those of 
McCoy et al (1930), but deviate from Winogradsky’s (1902) onginal descnption 
of C pasteunanum regarding glycerol, manmtol, and dextrin Such divergences 
may be due to methods or to strain vanations, of which he observed several 

Stram Wis 60, a Lister Institute strain from Bredemann, is obviously not a 
true C pasteuria7ium type, especially as shown by the fermentation of both 
lactose and cornstarch It appears, therefore, to be merely one of the many ill- 
defined butyrics, probably close to the “B saccharobuiyncus’^ type of McCoy 
et al (1926) Strain Wis 68, onginally from IHuyver, checks with the limited 
onginal descnption of C beijerinckit, named by Donker (1926) This stram is 
obviously distmct from both Wis 5 and Wis 60 

SUMMARY 

A method of testing for granulose m a semisohd glucose agar is desenbed 

This reaction appears to set two butyncs (types or “species”), Clostridium 
beijennckii and Clostridium pasteurianum, apart from all other members of the 
group mcluded in this study 

This reaction seems to have a differential value eqmvalent to the “stormy 
fermentation” of Clostridium perfnngens, the “iron-gelatm” reaction of Clos- 
tridium histolyiicum, and the “vamlhn-violet” (skatol) reaction of Clostridium 
aporogenes 

For the two species givmg the positive granulose reaction the pH 6 6 lumta- 
tion of Svartz does not apply It does, however, appear to do so for all other 
butyncs mcluded in this study 

These two strams formed granulose, m dimimshmg amounts, detectable m aU 
glucose dilutions from 2 0 per cent through 0 05 per cent, inclusive 

That these reactions are fixed, and not evanescent, characters is proved by the 
fact that the same strams, separated m the laboratones of Dr McCoy, Dr Hall, 
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and the author for 7, 9, and even 11 years, have proved identical in every partic- 
ular in duphcate and m triplicate cultures 
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Vtbno fetus and Ti ichomonas foetus are pathosemc m the reproductive trac* 
of cattle and occasionally produce early abortion Since the discovery by Smith 
(191S) of spirilla in cases of cattle abortion in the United States, instances of 
abortion resulting from vibriomc infection have been sporadically reported in the 
literature (Barger, 1928, Plastndge et al 1943, 1917, Rhoades and Harden- 
brook, 1947) 

The organisms are usually isolated from the rumen of aborted fetuses, ammotic 
and allantoic flmd, or fetal membranes So far as known the two organisms 
ha\ e never been isolated simultaneously from the same animal 

Numerous reports in the literature indicate that many cases of bovme tneho- 
momasis are accompamed by a varied bacterial flora The role or associative 
action of these orgamsms in the estabhshment of trichomonas infection is not 
known The purpose of this paper is to present data concerning the effect of 
V fetus upon the growth of T foetus tn vitro This work is a contmuation of 
earlier studies by Johansson et al (1947) 

MATERIALS AND METHODS 

Culture medium A modification of Schneider’s citrate medium was pre- 
pared and used m the same manner as by Johansson et al (1947) with the ex- 
ception that 0 3 per cent agar was added to the supernatant hqmd The final 
pH was 6 67 

In an attempt to develop a culture medium which would support the growth 
of both V fetus and T foetus, a quantity of the modified Schneider’s medium was 
filtered with 10 per cent by weight of “nonte” (activated carbon) just before 
the agar was added The “nonte” was added to the supernatant and brought 
to a boil When the nuxture reached the boihng pomt it was poured mto a fun- 
nel contaimng a double layer of filter paper The filtrate so obtamed was water- 
clear, nor did it become turbid on stenhzation as does the unfiltered medium 

When the vibno was grown m this medium at 37 C m an atmosphere of 10 
per cent carbon dioxide, accordmg to the method of Plastndge and Williams 
(1943), a subsurface gray band from 12 to 18 mm wide was obtamed This is 
m contrast to the 2- to 4-mm band of growth obtamed on the Plastndge and 
Williams’ (1943) liver infusion medium contammg 0 3 per cent agar, or on the 
unfiltered, modified Schneider's medium The tnchomonads failed to thnve m 

* Published with the approval of the Director of the Wisconsin Agricultural Expen- 
ment Station, Project 622^, Tnchomomasis and other reproductive diseases of cattle 
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this mediim consequently, it was discarded iMention is made of this medium 
became of the apparently greater amount of growth possible with 7 fjus 
winch conceivably could be of use m studies concerned with antigen production’ 
Organi^ employed Trichomonas foetus used m this study was a stram iso- 
lated by Morgan and Wismcky (1942) from a cow with a tnchomonad pyometra 
^d has smce been mamtamed m pure culture on the modified Schneider’s me- 
dium Yihno fetus was ongmally isolated from the rumen contents of a 5- 
month-old aborted fetus and was mamtamed on Plastndge and WiUiams’ (1943) 
medium until transferred to Schneider’s modified medium 
Determvnatwn of growth rates The method of determmmg the growth rates 
was identical to that used by J ohansson etal (1947) All cultures were mcubated 
at 37 C The tnchomonad control was mcubated m an atmosphere of 10 per 



cent carbon dioxide durmg its entire growth period The vibrio plus the tricho- 
monads, however, were mcubated m an atmosphere of 10 per cent carbon dioxide 
for the first 3 days After 3 days m carbon dioxide, the incubation was continued 
m atmosphenc air to conform with Plastndge and WiUiams’ method of imtiating 
the growth of the vibno It was beheved that any effect that the addition of 
carbon dioxide might have on the extension of the growth of the tnchomonads, 
after the first 3 days, could be detected m the carbon dioxide control Johans- 
son’s atmosphenc air control was used m this study 

To establish the growth curve, 50 replicates of tubes contaimng 5 ml of 
Schneider’s medium and 50,000 tnchomonads each were inoculated sunultane- 
ously with a 6-mm loopful of 3-day-old growth of V fetus The pH of the 
vibno-tnchomonad cultures was checked with a Beckman potentiometer 
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RESULTS 

The control cultures ot trichomonads used were obtained by employing an 
inoculum of 50,000 organisms (trichomonads) m 5 ml of medium and subjecting 
the cells to an atmosphere of 10 per cent carbon dio\ide throughout the entire 
incubation period In this control there was no lag phase The accelerated 
growth phase was similar to that of Johansson el al (1947), but the peak was 
attained in 120 hours, or 21 hours later The count at the time of the peak was 
approximately 1 3 million organisms per ml The accelerated death phase and 
the logaritlimic death phase were at 130 to 168 hours and 168 to 216 hours, 
respectively (figure 1) After 216 hours the numbers of trichomonads decreased 
rapidly, but not so rapidly as in Johansson’s control 

The trichomonads in association with V fetus were extended in their growth 
to 504 hours, or 21 days The peak of growth was reached at the end of 120 
hours After 120 hours the protozoa exhibited the accelerated death phase up 
to 216 hours, at which time they entered the stationary growth phase The 
protozoa remained in this stationary growth phase to 288 hours, at which time 
they entered the accelerated death phase agam at 360 hours At the end of 360 
hours the stationary phase again was mamtamed until 408 hours After 408 
hours the accelerated death phase was entered for the last time At 432 hours 
the loganthmic death phase was reached, and the tnchomonads finally became 
extmct at the end of 504 hours 

It was noticed, also, that the change m pH or the formation of acid was slower 
in the vibrio-trichomonad mixed culture than m the control cultures The pH 
m the control cultures was comparable to that found by Morgan (1942) In 
the vibrio-tnchomonad culture a pH level of 4 9 was reached m 11 days The 
pH did not go below 4 9 on succeedmg days 

DISCUSSION 

The tnchomonad controls in this study, with an atmosphere of 10 per cent 
carbon dioxide and m a medium containmg 0 3 per cent agar, never reached the 
height m numbers that those in Johansson’s controls did Apparently the agar 
or the presence of the carbon dioxide had a restrainmg and extendmg effect on 
the development of the protozoa Whether the tnchomonad assimilated some 
carbon dioxide or the lowenng of the oxygen tension caused the extension of 
tnchomonad growth was not established In view of the fact that the consist- 
ency of the medium has a defmite effect on the growth of the vibno, it would 
not seem unreasonable to assume that it might have some effect on the tncho- 
monads 

Tnchomonads growmg m association with V fetus apparently benefited from 
the stimulating substances liberated from the nutnent medium by the metabohc 
actmties of the vibno Smce the presence of V fetus m the culture of the tn- 
chomonads retarded the change m pH dunng the first few days of growth, t.tnq 
also may be a factor m the prolongation of tnchomonad activity 
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SUMMARY 

Vtbrto fetus extended the in vitro growth of Trichomonas foetus, as determined 
by direct microscopic counts of the tnchomonads ivith a hemocytometer An 
atmosphere of 10 per cent carbon dioxide extended the in vitro growth of tricho- 
monads by 24 hours over the normal control 
These extensions are beheved to be caused by (1) the release of nutnents favor- 
able to the growth of the tnchomonads, (2) the slower rate of change m the 
hydrogen ion concentration of the culture medium, and (3) the lowering of the 
oxygen tension of the atmosphere with carbon dioxide 
Filtration of Schneider’s modified medium with “norite” increased the area 
of growth of Vibno fetus 
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From a senes of studies on the effect of nutrition on poliomyelitis in vanous 
ammals, we have reported some of the results obtained with vitamin deficiencies, 
inanition, and mineial deficiencies Of the vitamins studied, thiamine has been 
found to have the gieatest influence, since a deficiency of this vitamin resulted 
m decreased susceptibility of mice to the Lansing strain of poliomyelitis virus, 
as evidenced by fewer paialyses and a lower death rate Restriction of the total 
food intake or simple caloric restriction did not reproduce these results, although 
both the development of paralyses and death were delayed (Rasmussen et al , 
1944a) Similar observations have been reported by the Philadelphia group 
(Foster et al , 1944) Thiamine deficiency also resulted in a marked reduction 
in infections with Theiler’s GDVII (Waisman el al , 1945) and Theiler’s TO 
(unpublished results) viruses With the latter virus the results are less clear, 
smee the incubation period may be long, and no attempt was made to mamtam 
the deficient mice beyond the period when deaths due to deficiency appeared 
With Theiler’s FA virus the results were equivocal (Rasmussen et al , 1944a) 
Restrictions of carbohydrate or of the diet as a whole with GDVII virus resulted 
in clear evidence of infection in about 50 per cent of the animals, and death in 
the rest, ivithout paralysis or encephahtic signs, although many of the mice 
manifested early signs of the disease before dymg Deaths were not delayed 
and the incidence was not reduced Restnction of fat content had no effect 
(unpubhshed results) A deficiency of pantothemc acid m mice produced no 
change in resistance to the Lansing stram but resulted m decreased susceptibility 
to Theiler’s GDVII virus (Lichstein et al , 1944) Riboflavin deflciency, on the 
other hand, had a slight effect m increasmg resistance to the Lansmg virus, but 
no effect agamst the Theiler’s GDVII or FA viruses (Rasmussen et al , 19446) 
Pyndoxine, inositol, and biotin deficiencies were found to be mactive agamst 
infection with the Lansmg and GDVII viruses (Lichstem el al , 1945) Para- 
ammobenzoic acid, which has striking antinckettsial activity, had no influence 
on infection with the GDVII virus at concentrations m the diet ranging from 
none to 10 per cent (unpublished results) 

In the studies with mmeials, deficiencies of calcium, magnesium, chlorme, and 
sodium (Lichstem et al , 19466) and a high intake of fiuorme (unpubhshed results) 

* These studies were aided in part by a grant from the National Foundation for Infantile 
Paralysis, Inc , New York 
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had no effect, whereas deficiencies of potassium or phosphorus resulted in a 
greatly reduced mcidence of paralysis with Theiler’s GDVII vmis (Lichstem tl 
al , 19465) In the last two deficiencies the number of paralyzed animals iias 
mcreased as the amounts of phosphorus or potassium m the diets were increased. 
It should be noted, however, that although the mcidence of paralysis vaned,' 
deaths without signs of infection invariably brought the total fatality rate in 
these mice to 100 per cent 

Attempts to improve the resistance of mice by unproving the diet have not 
been successful to date The addition of hver preparations to the mouse diet 
and higher fat content (15 or 25 per cent com oil or butter fat) produced no 
change m resistance to the GDVII vims, although excellent weight gams were 
obtained on some of the rations (unpubhshed results) 

In pohomyelitis of monkeys vitamm deficiencies have been relatively meffec- 
tive Deficiencies of thiamine (Clark et al , 1945), biotm, and ascorbic acid 
(unpubhshed results) produced no change m susceptibihty Fohc acid deficiency 
when acute had no effect, but when chrome a reduced mcidence of pohomyelitis 
resulted (Lichstem et al , 1946a) Potassium deficiency, likewise, has no effect 
on pohomyelitis m the monkey (unpubhshed results) When monkeys were fed 
our so-called “super” diet, in which extra vitamins, whole hver substance, plasma 
globulin, and yeast were mcluded, the results with poliomyelitis were suggestive 
of mcreased resistance m one experiment, but this could not be repeated (un- 
published results) 

Some of these studies have been extended to other vimses — avian encephalo- 
myelitis m chicks and Western eqmne encephalomyelitis m nnee The incidence 
of avian encephalomyelitis depended on the age of the chick, the previous state 
of nutrition, and the amount of thiamine m the diet (Cooperman el al , 1946) 
When the chicks were moculated at the age of 1 day, those receiving an optunum 
level of thiamme were protected to a greater extent than those receiving low 
or suboptunum levels When the chicks were moculated after receiving an 
optunum diet for 2 weeks, thereafter receiving the expenmental diets, those re- 
ceivmg the lowest level of thiamme were protected to the greatest degree 

Thiamme deficiency m animals infected with Western equine encephalomyelitis 
virus resulted m a marked modification of the course of infection, since most 
of the mice died without showmg typical signs of infection Titrations of the 
brams of these mice showed, however, that the virus had multiplied in these 
^Tiimnla as Well as m the mice on an optunum diet (Kearney et al , in manusenpt) 
Inamtion and potassium deficiency (unpubhshed results) had no effect in this 


virus disease 

In new of the importance of ammo acids m the building of proteins, be it virus 
or host, we have been studjnng deficiencies of protein and of ammo acids M- 
though prehmmary experiments with lysme, valme, and methionine defiticncit^ 
are suggestive of mterestmg consequences in infection with the GDVII \inu, 
only the w^ork with protem and tryptophane deficiencies is complete enough to 
report at this time Jones el al (1946) have recently reported the effect of low 
protein and low tryptophane diets m mice with the Lansing strain of poliom>elitis 



191S1 


PROTEIN INTAKE AND BNCEPnALOAIYELITIS OF MCE 


91 


Virus They found that low protein diets (5 per cent casein) produced a slight 
delay and the low tryptophane diet a pronounced delay in the onset of poliomy- 
elitis Paralysis was, however, observed in all mice before death 

iUTEUIALS AND METHODS 

ilftcc Swiss mice raised in our laboratory were used m all of these expen- 
ments - Mice were placed on the experimental diets when they were from 20 to 
26 days old, and a split litter technique with consideration for weight and sex 
of the individual animals was employed throughout The mice were kept, as 
described previously (Rasmussen et al , i944o), individually in screen-bottom 
cages with food and water available at all times 

Diets The composition of the various diets used in these experiments is given 
m table 1 Diet no 1 is our regular synthetic optunum diet Mice receiving 
this ration appeared sleek and healthy and gamed an average of 4 to 5 g durmg 
the first week, and continued to gam throughout the experimental period, the 
average weight gam for 1 month being about 10 g Diet no 2 was the same 
except for the casern content, which was raised to 36 per cent "When dietary 
components were increased or decreased, the amount of sucrose was either de- 
creased or increased accordingly Mice receiving the 36 per cent casein diet 
gamed at a faster rate than those on the 18 per cent casern diet, but reached a 
peak of about 9 g gam in 2 weeks, after which they leveled off On diet no 3, 
contaimng 15 per cent casern, the average weight gam was 3 5 g the first week, 
the mice contmued to gam throughout the experimental penod and averaged a 
total weight gam of 9 g m 3 weeks Mice fed diet no 4, 9 per cent casern, 
gamed 2 to 3 g the first week and 7 to 9 g dunng a 3- to 4-week penod Growth 
was not so good on this ration as on those wth higher levels of casern, but the 
mice appeared healthy Since the amount of cystme is low when casein is fed 
at the 9 per cent level, this diet was supplemented m some of the rations with 
cystme Rats fed 9 per cent casern diets plus 6 per cent gelatm show a retarda- 
tion of growth, which can be overcome either by the addition of tryptophane or 
niacin , these factors were mcluded, therefore, m some of the diets Mice on these 
rations (diets 5 to 8) gamed at about the same rate as those on the unsupple- 
mented 9 per cent casein diet and appeared healthy Diet no 9 contamed the 
ten essential ammo acids m pure form, but no protem, the weight difference m 
the diet bemg made up by extra sucrose The ammo acids were present as 10 9 
per cent of the diet, or 8 4 per cent as active isomers ® Sodium acid phosphate is 
mcluded in the ammo acid diets to replace the phosphorus present m 18 per 
cent casein On this diet mice maintained their weights or lost 0 5 to 1 0 g; 
dunng the first 4 or 5 days, after which small weight gams brought the weights 
up to the ongmal values Durmg a 3- or 4-week penod weights were mam- 
tamed within 1 g with occasional gams of 2 g above the ongmal weights Diet 
no 10 IS the same diet as no 9 except for 2 per cent casern, which was added to 
supply the peptide linkage Response to this diet was similar to that desenbed 

’ Original source was the laboratory of Dr Webster 

’ Abbreviated from now on to 8 4 per cent EAA diet 
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for iet no 9 Diet no 11 consisted of the same ingredients as no 9, except 
that tryptophane was absent Mice fed this ration lost an average ot 2 0 to2 5. 


TABLE 1 

Composition of diets 


INGREDIENTS 

DIET 

1 

DIET 

2 

DIET 

3 

DIETS* 
4 5 

DIET 

6 

DIET 

7 

DIET 

8 

diets* 

9 10 

DIETS* 
11, 12 

DIET 

13 

oin 

H 

• DIET 
li 

Sucrose 

73 2 

54 2 

175 2 

m 

75 2 

75 2 

74 9 

78 67 
(76 67) 

78 97 
(76 97) 

78 17 

74 2 

173 9 

Casein 

IS 0 


iSKi 


IS 


9 0 

— 



__ 




Gelatin 


. 



i 

H 

6 0 






Salts IVt 


4 0 


4 0 

4 0 

Nn 

m 



IQ 


liil 

Vitamin mixture^ 

0 5 

iilil 

0 5 


— 

0 5 



0 5 


m 

Ri! 

In 

Niaein-deficient 
vitamin mi\ture§ 

. 




0 5 


0 5 






Choline 

0 3 

El] 

0 3 

0 3 



RB] 

0 3 

0 3 

0 6 



Corn oil 

5 0 

5 0 

5 0 

5 0 



5 0 

5 0 

5 0 

5 0 



Cystine 

— 

— 

— 

— 

— 

— 

— 

— 




0 2 

Tryptophane 

- 

_ 


(0 2) 



0 3 





0 3 

Amino acid imxture|| 

__ 

— 

— 

— 

— 

— 

— 

10 9 




— 

Acid-hydrolyzed casein 

— 

— 

— 

— 

— 

— 

— 



— 

- 1 

mi 

lifil 

NaHiPOi 

— 

— 

— 

— 

— 

— 

— 

0 63 

0 63 

BIimI 

— 

— 


No 1 = 18% casein regular optimum diet, no 2 = 36% casein diet, no 3 = 15% casein 
diet, no 4 = 9% casein diet, no 5 = 9% casein diet + cystine, no 6 = 9% casein + 6% 
gelatin, macin deficient, no 7 = 9% casein + 6% gelatin, niacin present, no 8 = 9% casein 
+ 6% gelatin, macin deficient, tryptophane supplemented, no 9 = 8 4% essential ammo 
acid (EAA) diet, no 10 = 8 4% EAA diet + 2% casein, no 11 = 8 4% EA4. diet minus 
tryptophane, no 12 = 8 4% EAA diet minus tryptophane + 2% casein, no 13 = 8 4% E VA 
diet minus tryptophane + double portions of vitamins, no 14 = acid-hydrolyzed casein 
diet + double vitamins + cystine, tryptophane deficient, no 15 =• acid hydrolyzed casein 
diet + double vitamins + cystine + tryptophane 

• Diets 4 and 5 differ only in cystine and sucrose content The numbers in parentheses 
refer to no 5 Diets 9 and 11 differ from 10 and 12, respectively, only in casein and sucrose 
content The numbers in parentheses refer to nos 10 and 12 in the respective columns 
t Phillips and Hart salts (Phillips and Hart, 1935) 

f Added as a dry mi\ture containing the follomng parts per 100 g of diet thiamine 300 
pg, riboflavin 300 pg, p^ridoxine 300 /xg, niacin 500 ag, Ca-pantothenate 2 0 mg, » inositol 
100 mg, p-amino benzoic acid 100 mg, biotin 10 pg, folic acid 25 pg In addition, adequate 
amounts (2 drops) of oleum percomorphum were fed by mouth each week 
§ Contained no macin, otherwise the same as that given abo\ e 

II Amino acid mixture contains the following parts per 100 g of diet l{+) IjsincHCl HjO 

1 5, dt-tryptophane 0 3, J(+)-histidine HCl H O 0 6, dt-phenylalanine 1 0, t(-) 

1 2, df-isoleucine 1 5, dZ-threonine 1 5, df-methiomne 0 9, dt-valine 2 1, l{+) arginino liCl 
0 3* In the tryptophane-deficient diets (nos 11, 12, 13) this mixture contained no trypto 
phane Amino acids were purchased from Merck and Company 

the first week, leveled off m weight somewhat the second ^veek, and then lost 
weight gradually, the total weight loss dunng a 4-week penod bemg about 1 g 













I’KOl’CIN lOTAKt: AND DNCLPnALOM\ LLllIS Or MICE 


93 


19 IS] 

Wicn 2 per cent casein was added (diet no 12), the weight losses were similar 
Diet no 13 contained double portions of all vitamins, but othei than this was 
identic il with no 11 In diet no 14, acid-hydrolyzed casein at 15 per cent of 
the ration wis used as the nitrogen source At this level the ration is low m 
cystine, this amino acid uas therefore added to the ration m 0 2 per cent con- 
centration, and tryptophane, which was destrojed during the hydrolysis, uas 
left out, making this diet tryptophanc-deficicnt, but supplying the other essential 
and the nonessential amino acids Double poitions of latamins were also given 
in tins ration Weight losses occurred of the same order of magnitude as with 
the other tryptophane-deficient diets In diet no 15 the no 14 ration was com- 
pleted by the addition of tryptophane at 0 3 pei cent Mice fed this diet lost 
about 0 5 g during the first w cek and then gained about 2 g during the second 
week The initial weight loss was slightly less and the followang gain more than 
m mice fed the 8 4 per cent EAxV ration (diet no 9) 

Mice maintained on the tryptophane-deficient rations, diets no 11 to 14, 
showed the following signs of deficiency Loss of w eight began immediately and 
contmued at a slower rate after the first W'eek Slight irritability, weakness — 
especially of the hind legs — and tremors were among the early signs, these be- 
came more apparent in about 2 weeks The hind legs were spread to the side, 
almost at nght angles to the body (abduction), and the hip region became low, 
sunulating m appearance a pelvic paralysis, although the muscles were merely 
weak, not paralyzed Such signs were more noticeable after the mice were 
twirled by the tad and dropped on the table, at times the mice would react 
violently to such treatment — hoppmg and jumpmg about with the head thrown 
back as m opisthotonus, or they would appear to “scramble” along m marked 
ataxia, with all legs movmg rapidly, but only the front legs at all effective m 
propelhng the mouse Tremors and some revolvmg were evident when the 
animals were held by the tad and spun As the deficiency became more severe, 
all of these signs became more marked The mice sat ivith their heads m the 
food cups, their backs were humped with both the head and hips close to the 
table, and they appeared to be mainly head and shoulders Tome convulsions 
with the hmd legs completely extended and the fore limbs flexed were frequently 
observed Dunng such convulsions the xmee became rigid and cyanotic and 
appeared dead Death sometimes occurred dunng these seizures, but more 
often the mouse would gradually relax after a few seconds and commence breath- 
mg At tunes the convulsions seemed mcomplete m the sense that the hmd legs 
and lower region of the body were stiff and extended but the front legs were 
movmg convulsively Rapid movements of all legs were often observed just 
before the extension and flexion of the convulsion Tome convulsions were seen 
more readily after vigorous spmnmg but also occurred spontaneously Many of 
the mice would undergo such convulsions 4 and 5 times dunng a period of a few 
days before death supervened Weakness increased to the pomt of prostration 
m the deficient mice, and death occurred after from 18 to 35, or more, days on 
the diet 

Mice receivmg tryptophane evidenced no signs such as these except for a 
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tendency to spread the hind legs in one or two mice that did not respond iiell to 
the 8 4 per cent EAA diet 

Virus The virus used in these expenments and m many of our previous 
senes was received by us as Theiler’s GDVII stram of mouse encephalomyelitis 
virus from the Rockefeller Institute in 1940 and has smce been maintained m 
this laboratory by intracerebral passage in mice In our hands, however, tins 
virus has not produced m mice the disease described by Olitsky (1915) as chanc- 
tenstic for the GDVII virus In view of the recent criticism of the use of tho 
GDVII virus as a model for pohomyehtis (Olitsky, 1945, Schneider, 1946) we 
feel that further clanfication is needed of the tj^e of mfection produced by the 
virus with which we have been workmg The first signs of infection following 
mtracerebral moculation of this virus into mice occur m about 5 to 10 days, the 
average bemg 7 to 8 days The onset of the disease is charactenzed by hyper- 
irntability, circlmg, spasmodic and convulsive movements, and, occasionally, 
tonic-clonic convulsions Encephalitic signs are more marked in young mice 
(21 to 28 days old) and less marked m older ammals (35 to 40 days old) These 
signs are rarely so severe as in an infection such as Western equme encephalorayc- 
htis in mice and may not be seen without the stimulation of spinning by the 
tail The encephahtic stage may last for 3 or 4 days but usually is followed m 
24 hours by a poliomyelitic stage Cord involvement is apparent first by a 
tendency to save or favor one leg, and this progresses through partial to complete 
flaccid paralysis of the limb The paralysis then progresses during the course 
of another day to mvolvement of other muscle groups, resulting at times in 
quadriplegia, shoulder, hip, back, and side paralyses Death soon follows severe 
paralysis The mice may die at any stage of the infection, but more often tho 
disease runs its characteristic course for 3 or 4 days from the onset of symptoms 
to death Defimte flaccid paralysis is seen in almost 100 per cent of the mice, 
and death has been invariable On intrapentoneal injection paralysis follows 


m 9 to 10 days and encephalitic signs are less noticeable 

The signs of this disease are m contrast to those descnbed by Olitsky (1915) 
for the GDVII virus, who states that there is only occasional weakness or paraly- 
sis of one or more limbs and that signs mvanably precede death by only a few 
hours It IS in general agreement, however, with the early descnption by Theiler 
and Gard (1940), who described the cardmal symptoms of this mfection as a 


flaccid paralysis of the limbs The behavior of Theiler’s TO virus in our inice is 
simil ar to that descnbed both by Theiler (1937) and by Olitsky (1945) There 
can be no doubt that the virus we have been usmg is not TO, but whether it is 
the GDVII stram or a spontaneous virus remains to be decided 

In the experunents reported here the source of virus was infected mou^c brains 
preserved m 50 per cent glycerol-salme solution The mouse brains w ere w ashed 
with normal salme, ground with alundum, and suspended m nor^l saline at 
10 per cent concentration, the 10 per cent suspension was allowed to 
was centrifuged lightly and the supernatant diluted with normal saline to 
per cent or 0 1 per cent of the onginal weight of brains -^J^e were '•outinUy 
mjected mtracerebrally under light ether anesthesia wath 0 03 ml of t ic i 
suspension When normal bram matenal was mjected, the source was normal 
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mouse biains preserved m the 50 per cent glyceiol-salmc solution These were 
prepared in the same manner and injected in the same concentration as the virus- 
containing brains in a given experiment The mice were observed twice daily 
foi signs of infection or deficiency, beginning 4 days aftei inoculation, for a 28- 
day period, at which time the experiments weie usually terminated During the 
obseivation the mice were spun vigoiously for a few seconds while held by the 
tail to aid in eliciting encephalitic signs and were allowed to walk about and 
down the cage to test foi paialysis and strength of grip 

Mice dying vathin 3 days after inoculation were excluded from the final tabula- 
tions to eliminate those which may have died from trauma or those which did 
not respond to the synthetic diets 

EXPERIMENTAL PROCEDURES AND RESULTS 

Low protein diets Prior to the series here i eported we had conducted a number 
of experiments on the influence of the kind and level of protein m the diet on 
infection with Theiler’s GDVII virus In these experiments mice were fed diets 
containing casein at 9, 13, 15, 18, and 21 per cent levels In some cases cystme, 
niacm, and tiyptophane supplements were made, and in others the protein was 
supplemented with gelatin oi zein The results in all cases in which the level 
of protein was 15 per cent or less were the same 

The incidence of paralysis was low compared to that in mice receiving 18 or 
21 per cent casern, but most of the animab died before paralysis or encephalitic 
signs were observed Control mice that were not inoculated or were inoculated 
with normal bram suspensions did not die but showed poor growth Smee other 
workers m our laboratories had obtamed good growth m imee fed diets containing 
13 01 15 per cent casein, we suspected the adequacy of our basal ration When 
these studies were mitiated, the vatamms were added to the ration by dissolvmg 
them m an alcohol solution, addmg the solution to a given amount of casern, 
drymg, and usmg measured amounts of this fortified casern in the final ration 
When the vitamins were added as a dry mixture, better growth was obtained, 
and when a mixture of the vitamins was given to the mice shoivmg growth failure, 
sigmficant growth responses occurred Similar results were obtained when 
thiamme alone was added, mdicating a destruction of this vitamm dunng the 
preparation of the fortified casein Since we had used similar procedures without 
difficulty m other work, it appears that the casern must have contamed small 
amounts of sulfite, which is highly destructive to thiamme Inasmuch as neither 
the deficiency signs nor the response of these nuce to the virus was characteristic 
of thiamine deficiency, other nutritional comphcations may have ansen from a 
combmation of the low protein diet and the anorexia associated with the vitamin 
deficiency 

These results have not been reported m detail since they are not based on 
diets low only m protem, they are mentioned only because they demonstrate 
the difficulties that may be encountered m nutation studies, m spite of utmost 
care m preparing rations, and because they offer still another example of the 
mfluence nutntion may have on a virus infection 

The low protem diets were then restudied, with the dry vitamm mixture used. 
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m three expenments, senes 81, 84, and 87 In senes 81, 140 mice, 23 dav s old 
^vere divided into eight groups Group 1, 7 mice, recened 36 per cent casein 
(diet no 2) and were not inoculated Group 2, 28 mice, received the s ime diet 
and virus inoculation Groups 3 and 4, with 7 and 28 mice, respectively, recen ed 
the 18 per cent casein diet (diet no 1), group 3 remaimng unmoculated and 
gioup 4 receiving the virus Groups 5 and 6 were fed the 9 per cent casein diet 
(diet no 4), group 5, with 7 mice, remainmg unmoculated and group 6, 28 mice, 
being moculated with virus Groups 7 and 8 received the 9 per cent casein diet 
■nnth a supplement of cystine (diet no 5) Group 7, vath 7 mice, was the un 
moculated control group, and group 8, 28 mice, received virus inoculation The 

TABLE 2 

Effect of low protein diets on incidence of virus infection 


INCIDENCE CP VIRUS INPECTION EXPRESSED IN COilUIATIVE PERCENTAGES OP TOTAL MICE IN EAOI CEOUP 


DAYS AFTER 
INOCULATION 

Senes 81 

Senes £4 

Senes S7 


Group 


Group 


n 


Hjll 









2 (28)* 

4 f28) 

a (27) 

8 (27) 

1 (fi) 





11 (21) 

IS (24) 





Diet 2 

Diet 1 

Diet 4 

Diet 5 

Diet i 

bBm 

ggtl 



Diet 6 

Diets 



QSI 

G 

0 

7 

4 

0 

33 

5 

4 

4 

19 

19 

8 

0 


3 

8 

64 

68 

41 

41 

50 

25 

46 

43 

54 

18 

62 

31 

0 

0 


IQO 

96 

55 

89 

100 

70 

83 

92 

82 

95 

92 1 

51 

30 

31 

12 

100 

100 

63 

96 

100 

85 

92 

100 

95 

100 

92 

91 

73 

72 

14 

100 

100 

74 

96 

100 

100 

100 

100 

95 

100 

92 

97 

82 

87 

16 

100 

100 

74 

100 

100 

100 

100 

100 

95 

100 

92 

97 

S8 

91 

18 

100 

100 

74 

1 

100 

100 

100 

100 

100 

95 

1 

100 

1 . 

92 

100 

SS 

91 

Total 

m 














%pvit 


ESI 

74 

100 


100 


100 

95 


92 


88 

91 

%part 

is 

96 

67 

89 


95 

96 

100 

77 

95 

88 

85 

79 

75 

%f§ 

B 

4 

4 

0 

0 

5 

4 

0 

18 

5 

4 

6 

0 

0 


Days = day when definite paralysis occurred, or day of death if no paralysis 
* Number of mice surviving through third day after inoculation 
t pvi = positive virus infection, i e , typical signs of infection, includes paralysis 
i par = paralvsis, included in table as pvi 

§ f = death without typical signs of infection, included in the table as pvi 


groups were moculated after 11 days on the rations wth a 1 0 per cent suspension 
of the virus The results of this series are summarized in table 2 In all groups 
the majority of the moculated mice showed definite paralysis In group 0 the 
mcidence of infection is 26 per cent less than in the other groups, the rest of the 
mice surviving In each of groups 2, 4, and 6, one mouse died without shoeing 
signs of infection In group 8 frank paralyses occurred in 89 per cent of the 
mme, with the remaimng 11 per cent (3 mice) dying after signs of encephalitis 
but before paralysis was observed No deaths occurred m the control groups 
In senes 84 a total of 210 mice, 20 to 23 days old, were placed on the folio .mg 
rations group 1, IS per cent casern (diet no 1), groups 2 and 3, lo per ecn 

casern (diet no 3 ) , groups 4 and 5, 9 per cent casern (diet no 1) , groups 0 and , 
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9 per cent casein ith cjstine supplement (diet no 5) , groups 8 and 9, 9 per cent 
casein plus 6 per cent gelatin, with niacin supplement (diet no 7), groups 10 and 
11, 9 per cent casein, 6 per cent gelatin, no supplements (diet no 6), groups 12 
and 13, 9 per cent casein, G per cent gelatin, with tryptophane supplement (diet 
no 8) The even-numbered groups were the unmoculated control groups with 
7 mice in each group The odd-numbered groups were all moculated ivith a 1 0 
per cent suspension of the virus after 13 days on the diets Group 1 contamed 
7 mice, group 3, 21 mice, and the others contained 28 mice each The results, 
presented m table 2, show no sigmficant differences m any of the groups In 
each of groups 3, 5, 11, and 13 one died without signs of infection In group 9, 
4 mice died in this manner,making the totals m this group 77 per cent paralyzed, 
18 per cent died without signs of infection, or 95 per cent total deaths 
In senes 87 the 9 per cent casern diets were agam studied A total of 126 
tmce, 23 to 26 days old, were divided into groups as follows groups 1 and 2 
received the 9 per cent casern ration (diet no 4) , groups 3 and 4 received this diet 
supplemented with cystine (diet no 5), and groups 5 and 6 the 18 per cent casern 
diet (diet no 1) Groups 1, 3, and 5, consisting of 7 mice each, were the unm- 
oculated controls Groups 2, 4, and 6, with 35 mice each, were moculated with 
virus These groups were injected after 11 days on the rations with a 0 1 per 
cent suspension The results, given m table 2, show an mcidence of infection 
essentially the same regardless of the diet 
The findmgs of the low protem experiments mdicate that reduction of the 
protein mtake of mice to 9 per cent of the diet, when the protem source is casern, 
has no influence on infection with Theiler’s GDVII virus 

Tryplophane-deficient diets Three expenments were conducted on the 
effect of tryptophane deficiency on infection with Theiler’s GDVII virus The 
first of these, senes 88, was a prelraunaiy experiment with vanous ammo acid 
deficiencies, but only the results wath tryptophane will be here presented Four 
groups of 14 mice, 24 to 26 days old, were placed on the foUowmg diets group 1, 
tiyptophane-deficient (diet no 11), group 2, tryptophane-deficient plus 2 per 
cent casein to supply the peptide linkage, or “strepogemn” factor (diet no 12) , 
group 3, the ten essential ammo acids supplied m pure form, but no nonessential 
ammo acids, the final concentration of the active isomers bemg 8 4 per cent of 
the diet (diet no 9) , group 4, the same as m group 3 but with 2 per cent casern 
added (diet no 10) All groups were moculated after 5 days on the rations with 
a 0 1 per cent suspension of the virus The results, summarized m table 3, even 
with such small numbers of animals were suggestive enough to warrant further 
study In group 1 none of the mice showed evidence of infection, the only 
signs seen bemg those referaale to the deficiency, such as hmd leg weakness, a 
tendency to spread the hmd legs, tremors, and tonic convulsions In group 2, 
three mice gave evidence of virus infection Two of these showed only an mdi- 
cation of encephalitis — a tendency to paw the air and face spasmodically, with 
death on the twelfth and fourteenth days after moculation The third mouse 
appeared to have a partial paralysis of the nght front leg on the twenty-sixth 
day For simplicity these are mcluded m the table as fatahties The two groups 
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receiving the full complement of the essential ammo acids responded w ell to the 
virus, showmg signs of the disease m its characteristic course m most cases, i\hen 
paralysis was not observed, definite encephalitic signs were evident The final 
death rates m all four groups were approximately the same 
The second experiment, series 93, was a more effective study of tryptophane 
deficiency A total of 147 mice, 21 to 23 days old, were placed on the rations as 
follows group 1, 14 mice, received the 8 4 per cent EAA diet (diet no 9), group 
2, 14 mice, received the same diet and were moculated with a 0 1 per cent 
suspension of normal brams Group 3, 28 mice, received the same diet and uere 
moculated with a 0 1 per cent suspension of virus Group 4, 14 mice, com- 

TABLE 3 


Results of series 88 


DAYS APTES 
INOCULATION 

CROUP 1 (12),* DIET NO 
11 tryptophane DE 
PICIENT 

CROUP 2 (13) DIET NO 
12 TRYPTOPHANE DE 
PICIENT + 2% CASEIN 

CROUP 3 (II) DIET NO 
9, 8 4% EAA 

CROUP 4 (14), DIET SO 

10 3 4r„lAA + 2‘', 

CASEIN 


%J 

%J 



11 1 

17 

15 

18 

14 

13 

42 

38 

45 

30 

IS 

42 

54 

55 

43 

17 

42 

64 

55 

57 

19 

42 

54 

73 

57 

21 

42 

62 

73 

W 

27 

58 

69 

73 

61 

Total 





%pvit 

0 

23 

73 

57 

%part 

0 

0 

65 

36 

%f§ 

58 

46 

0 

7 

%F|| 

58 

69 

73 

61 


* Numbers in parentheses = numbers of mice surviving through the third day after 


inoculation 

t pvi = positive virus infection, i e , typical signs of infection, includes paralysis 
j par = paralysis, included in table as pvi 
§ f = death without typical signs of infection 
II E = total fatality regardless of signs shown 

prised the unmoculated tryptophane-deficient control group (diet no 11) 
Group 5, 21 imce, received the tryptophane-deficient diet and an injec- 
tion of normal bram suspension Group 6, 28 mice, received the tiyptopliane- 
deficient diet and were moculated wnth virus Group 7 consisted of 28 mice, 1 1 
of which received the 18 per cent casern optimum diet (diet no 1) and 1 1 this 
diet mmus the com oil, these are mcluded together as one group since no 
differences were found between them either m response to the diets or to 
the vmus Inoculations of normal bram suspension and virm, were ptrionncd 
after 7 days on the diets The results of this expenment are prc-,cntea 
m table 4 All mice m group 7 exhibited positne ;=igns of miettion, an 
only one mouse failed to show paralysis These results are charactcrutic or i le 
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many times we have used mice on the optimum ration and this virus The group 
receiving tryptophane as part of the 8 1 per cent EAA diet (group 3) also showed 
a high percentage of virus infection, with unequivocal encephalitic signs and 
paralysis The mcidence of paralysis, however, was lower than in the optimum 
group, with 17 of the 25 mice (68 per cent) showmg paralysis and 7 (28 per cent) 
dying before paralysis was observed No deaths occurred m the control groups 
on this diet 

Iilice receiving no tryptophane presented a markedly contrastmg picture 
Only one mouse of the 24 m this group (group 6) showed signs of infection and it 
developed a partial paralysis of the left front leg after a history of encephalitis 
The rest of the animals m this group manifested only signs of deficiency — weak- 
ness, tremors, a tendency to spread the hind legs, especially after the mouse was 


TABLE 4 

Incidence of infection in senes 93 


DAYS Arms 
INOCUUVTION 

CROUP 3 (25) DIET 

SO 9 EAA + 

VTRtjS 

CROUP 4 (12) DIET 

SO 11 TRYPTC* 

PHAN'S DEnCIEST, 
DVLSOCULATEO ' 



CROUP 7 (25) DIET 
SO 1 1S% CASEIN 
OPTUfUN -h VIRUS 



%p 

%F 

%P 

% 

7 

12 

0 

0 

0 

16 

9 

32 

8 

0 

4 

60 

11 

60 

8 

0 

13 

88 

13 

SO 

8 

0 

46 

96 

15 

88 

8 

11 

58 

100 

17 

96 

17 

21 

71 

100 

19 

96 

17 

21 

83 

100 

21 

96 

50 

26 

83 

lOO 

29 

Total 

96 

67 

58 

96 

100 

% PVl 

96 

— 

— 

4 

100 

% par 

64 

— 

— 

4 

96 

%f 

0 

— 

— 

92 

0 

%P 

96 

67 

58 

96 

100 


See table 3 for explanatioa of symbols 


spun by the tail, hunched posture, and tome convulsions The hmd legs often 
appeared to be stiff, and m most cases qmte weak, but the mice were able to walk, 
grip the cage, and walk down the cage, and were therefore considered not 
paralyzed These signs of deficiency appeared earher m many of the deficient 
mice receivmg vims than m the two groups of controls and progressed to severe 
deficiency about a week earher, considenng the groups as a whole The con- 
trols presented the same signs as the deficiency progressed Death also occurred 
earher m the vims-moculated deficient mice than m the controls (table 4), 
reachmg 71 per cent on the twenty-fourth day on the diet, or 17 days after 
moculation, at which tune the deaths totaled 17 per cent and 21 per cent m the 
umnoculated and normal bram-moculated control groups This suggests that 
these mice had died from virus infection, although no chmeal signs were evident 
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After 24 days on the diet, deaths in the control groups occurred more frequenllj 
reachmg 67 per cent and 58 per cent by the thirty-sixth day, it is therefore po^-i’ 
ble that the deaths occurnng m the vrrus-moculated group after 24 days (17 d us 
after inoculation) may have been due to deficiency If the deaths up to this 
time are considered to be due to virus infection, and the death rate of the 
deficient mice is compared to the two groups receiving tryptophane, there arc 
still real differences m mcidence up to the seventeenth day after inoculation, the 
percentages at this time totalmg 96 m the group receivmg the S 4 per cent E LV 
diet, 100 per cent m the group receivmg the IS per cent casern, and 7 1 per cent 
m the tryptophane-deficient mice From the tune of moculation until this time 
the delay of death m the deficient ammals is consistent Tonic convulsions uere 
recogmzed m this senes as a part of the deficiency syndrome, since mice in both 
control groups manifested this sign m a manner identical with the virus inoc 
ulated groups In summary of this experiment then, it appears that trypto- 
phane deficiency hmdered and possibly prevented virus infection in many of the 
naice Further, this deficiency radically altered the course of the disease, only 
one of the 24 mice showmg signs of infection Smce many of these animals 
developed severe signs of deficiency and died earlier than the control deficient 
mice, it 13 possible that the virus infection mcreased the seventy of the deficiency 
The thud experiment, senes 97, was conducted m repetition and extension of 
the previous experiments The mice were 19 to 24 days old when placed on the 
rations, and many of the younger ones died The number of mice given for each 
group IS therefore the number survivmg until 3 days after inoculation Groups 
1, 2, and 3 were fed the tryptophane-deficient diet as such (diet no 11), group I, 
12 mice, remaimng umnoculated, group 2, 15 mice, bemg moculated with a 
suspension of normal brams, and group 3, 26 mice, being moculated with a 
suspension of the virus Groups 4 and 5 were fed the tryptophane-deficient diet, 
but with double portions of vitamins (diet no 13) m an attempt to rule out 
vitamm-deficiency complications that might have arisen from the pronounced 
mamtion associated with tryptophane deficiency Group 4, 15 mice, was 
mjected with normal bram suspension, and group 5, 26 mice, with the virus 
In groups 6 and 7 a deficiency of tryptophane was produced by feeding as the 
mtrogen source acid-hydrolyzed casern, supplemented wath extra cystine and 
double portions of vntamms (diet no 14) It was hoped that this diet would 
ehmmate complications due to the lack of nonessential ammo acids and total 
mtrogen, as well as vitamins Group 6, 13 mice, received an inoculation of 
normal bram matenal and group 7, wnth 17 mice, the virus Group 8, 19 mice, 
received the same diet as groups 6 and 7 but with tryptophane added (diet no 
15) Group 9, 13 mice, received the 8 4 per cent EAA diet (diet no 9) and group 
10, 18 mice, the 18 per cent casein optimum diet (diet no 1) The last threo 
groups were all mjected with virus Both the normal brain and virus suspen- 
sions were moculated m 0 1 per cent concentration after 8 days on the diev:> 
Bemminn- on the fourth day after moculation, the mice were thorough!/ e'cim 
m^ evei^ hour from 8-00 x m until 10-00 p m daily for signs ot inieetion -nU 
deficiency These axaminations were made of control animals as well as oi v innr 
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inoculated groups each tune Following death, the brains and spinal cords, 
including the cervical region, from mice in all groups were removed and placed 
m 10 per cent formalin or 50 per cent glycerol-salme solution for histological 
study or titration of virus content The results of this experiment are presented 
m table 5 With three different tryptophane-deficient diets, the results were the 
same In each case most of the mice evidenced only signs of deficiency and none 
referable to the virus In group 3 only 6 of the 26 nnce (23 per cent) showed 
signs of infection In 5 of these, encephalitis of a mild sort was the only sign, 
m the sixth, there was no encephahtis but a questionable hmd leg paralysis on 
the thirteenth day after inoculation In group 5 the extra vitamms had no 
apparent effect, since the deficiency signs and the response to the virus were 


TABLE 6 

Incidence of infection in senes 97 


DAYS AITES 
XhOCULATlON 

GKOUF 3 (26), 
DIET NO 11 
XaYPrOPIIANE 
DEnOEKT 

CBODP S (26), 
Dt£T^O 13, 
TEYPTOPItANE 

vznaztn -t- 

DODWX VITAUINS 

ORODP? (17), 
DIET NO 14, ACID 
HYDROLYZED CA 
SEIN 

cioop 8 (19), 
DCET MQ 15, 
ACm-HYDBO- 
LYIZD CASEIN + 
TBYPIOPnANE 

OBOUP 9 (13), 
DIET NO 9 

8 4%EAA 

GBODP 10 (18), 
DIET NO 1 18%1 
CASEIN OPTIUUU 


%I 

% P’1 

%/ 

%pvt 

%/ 

%ptt 

% #•» 

%pvt 

% Pti 

5 

4 

0 

4 

0 

6 

0 

0 

8 

6 

7 

23 

0 

19 

0 

35 

0 

26 

16 

60 

9 

35 

4 

36 

8 

47 

0 

84 

92 

78 

11 

60 

12 

42 

12 

69 

6 

100 

92 

100 

13 

62 

19 

68 

23 

76 

12 

100 

100 

100 

16 

62 

23 

68 

31 

76 

18 

100 

100 

100 

17 

69 

23 

62 

35 

76 

18 

100 

100 

100 

19 

69 

23 

62 

35 

82 

18 

100 

100 

100 

^ 21 

69 

23 

65 

36 

82 

18 

100 

100 

100 

23 

73 

23 

65 

35 

82 

18 

100 

100 

100 

27 


23 

65 

36 

82 

18 

100 

100 

100 

Total 










%pvi 

23 

35 


18 

100 

92 

100 

%par 


4 


15 


18 

84 

77 

100 

%f 


77 

65 

82 

0 

8 

0 

%F 

100 

100 

100 

100 

100 

100 


See table 3 for explanations of symbols 


about the same as m group 3 There were four cases of paralysis m this group, 
but the total positive virus infection is agam low Mice receivmg the acid- 
hydrolyzed casern diet (group 7) appeared similar m every way to those m group 
3, and no effect could be seen from the extra mtrogen present m this diet Of the 
17 mice m this group, only 3 showed signs of infection, and each of these showed 
paralysis of the left front leg but no encephahtis On this same diet plus 
tryptophane (group 8), 84 per cent of the mice became paralyzed and 100 per 
cent showed clear-cut signs of infection In group 9, which received the same 
diet as group 3 but with tryptophane, 77 per cent of the mice became paralyzed, 
and all but one mouse showed signs of infection Mice receivmg the 18 per cent 
casern diet, as usual, responded with unmistakable paralysis 
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A companson of the death rates of the controls and virus-inoculated deficient 
^ce (figure 1) agajn suggests that the mice may have died from virus infection 
^ce ve^ few of the controls had died when the moculated groups had reached 
90 to 100 per cent mortahty If this senes is compared with senes 93 it 
evident that all virus-moculated groups m senes 97 died faster than m senes 93 



Fio 1 Death Rates of Tbxptophane-dbficient Mice (Senes 97) 

Groups 1, 2, and 3 were tryptophane deficient groups (diet no 11) woup 1 was not 
inoculated, group 2 was inoculated with normal brain matenal, group 3 with virus Groups 
4 and 5 were tryptophane-deficient plus double vitamins (diet no 13) group 4 wiu 
inoculated with normal brain material and group 5 with virus Groups 6 and 7 had an acid 
hydrolyzed casein diet (diet no 14) group 6 was inoculated with normal brain matenal, 
group 7 with virus 

mcludmg those on the rations contaimng tryptophane, although control mice 
died less rapidly than m senes 93 This supports the view that the mice died 
from the effects of the virus, the faster death rate probably bemg due to a more 
potent virus moculum m this senes Again a delay is apparent m deaths m 
deficient groups compared to those receivmg tryptophane, though not so marked 
as m senes 93 Sizable differences m mcidence exist, ho .v ever, through the 
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fourteenth day after inoculation in group 3, the thirteenth in group 6, and the 
twelfth day in group 7, compared to the optimum mice 
The deficiency signs in this experiment were similar to those seen m previous 
series In the virus-moculated groups deficiency signs appeared earher and 
became severe sooner than m the control deficients, as evidenced especially by 
the time of appearance of tome convulsions It was mcreasmgly apparent m 
this experiment that when tome convulsions made theu: appearance, the defi- 
ciency was acute and the mouse would die within several days Many of the 



Fig 2 Percentage of Tonic Convulsions in Tbtptophanb-depicient Mice Plotted 

Against Time (Senes 97) 

Groups 1, 2, and 3 were tryptophane deficient groups (diet no 11) group 1 was not 
inoculated, poup 2 was inoculated with normal brain matenal , group 3 with virus Groups 
4 and 5 were tryptophane-deficient plus double vitamins (diet no 13) group 4 was inocu- 
lated with normal brain material , group 5 with virus Groups 6 and 7 had an acid-hydro- 
lyzed casein diet (diet no 14) group 6 was inoculated with normal brain matenal, group 7 
with virus 

deaths seemed to be direct results of the convulsions, smee mice which had 
undergone several of these were often found dead m this position Figure 2 
mdicates the percentage of mice m the vanous deficient groups expenencmg 
tome convulsions, the time refernng to the day of the first such convulsion m a 
given mouse These convulsions made their appearance as early as the thirteenth 
day on the diet, or 5 days after moculation, and reached a maximmn around the 
twenty-first day m group 3 By this time most of these mice were dead and the 
percentage did not mcrease further Tonic convulsions began m the control 
groups after about 24 to 28 days on the diets and steadily increased m frequency 
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until the experiment was terminated on the thirty-eighth day It should be 
noted that no table or figure can teU the whole story Although ha\e 
succeeded m ehcitmg convulsions m many of the mice and have examined them 
as frequently and carefully as possible, a few of the mice have been obsened m 
convulsions without the stmiulation of spuming, and several have been found 
dead m the position of the convulsion without previous history of such signs 
For this reason the final percentages mdicated on figure 2 cannot be taken as the 
total number of mice undergomg tome convulsions, and the curves merely indi- 
cate a trend m the time penod m which convulsions are seen This trend, how- 
ever, IS defimte, and there is no question m our mmds that severe signs of 
deficiency occurred earher m the mice that received vuus moculations Tho 
general picture presented m these expenments can best be described as a pre- 
cipitation of the tryptophane deficiency by virus mfection, with resultant death 
of the imce without signs of infection The direct cause of death then may be 
either the virus or the deficiency or both, and the mdirect cause of death from 
this point of view would be the virus 

In order to mvestigate this concept, titrations for virus content were performed 
usmg brains and cords from mice m all of the vims-moculated groups For 
these titrations brains and cords were removed from the mice as soon after death 
as possible and stored m 50 per cent glycerol-sahne solution until all the necesaary 
brains were collected and could be titrated simultaneously To determine the 
amount of virus which would have been present from the moculation alone, 
before multiphcation could take place, a “blank” titration was performed, using 
three brains and cords from the deficient mice, 1 from each group, which were 
sacrificed about 2 hours after moculation These were also preserved in glycerol- 
sahne solution imtil they could be titrated with the others Material from the 
deficient mice was grouped accordmg to the time of death and the signs and 
symptoms shown, several brains and cords bemg pooled for each titration Each 
pool of brams and cords was ground with alundum and diluted with broth to 
made 10 per cent suspensions of the ongmal weight of tissue These were then 
centrifuged hghtly to remove the tissue particles, and 10-fold dilutions of the 
supernatants were made m broth as mdicated for each titration Three mice 
were mjected mtracerebrally under hght ether anesthesia with 0 03 ml for each 
dilution The mice used were from our own colony and were placed on tins 
experiment as for one of the nutntional series, usmg the split litter techmfiue 
They were fed the 18 per cent casern optimum chet (diet no 1) and inoculated 
with the vanous suspensions when 26 to 31 days old, accordmg to the date of 
birth The materials and dilutions used m the titrations are hsted below 

(1) “Blank titration ” Three brams and cords from deficient mice as de 
senbed above were pooled and mjected at 5 per cent, 1 per cent, and 0 1 per cent 


dilutions , _ If, * 1 , .t 

(2) Brams and cords were pooled from fi\e optimum mice m group lU tnai 

had become paralyzed m 5 to 7 days and were allowed to die (G to S da^s) 
before the brains were remoi ed The dilutions mjected w ere lO"- through 

(3) Brains and cords were pooled from four deficient mice in group 1 lliat tuu 
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died 6 to 9 daji after inoculation, with only deficiency signs and no signs of 
infection Ihc dilutions injected in this and the rest of the titrations were 
10"- through 10"* 

( I) Brains and cords w ere pooled from four deficient mice m group 5 that had 
died without signs of inlection m 6 to 9 days 

(5) Brains and cords w ere pooled from three deficient mice m group 7 (acid- 
hydroljzed casern diet) that had died without signs of infection m 6 to 9 days 

(G) Brains and cords were poo'ed from two deficient mice m group 3 that had 
died without signs of infection in 10 to 13 days after inoculation 

(7) Brains and cords were pooled from three deficient mice m group 7 that 
had died wathout signs of infection m 10 to 13 daj s 

(S) Brains and cords were pooled from three deficient mice, one from group 3 
and two from group 5, that had died wnthout signs of infection m 10 to 13 days 

(9) Brains and cords w ere pooled from three deficient mice, two from group 3 
and one from group 5, that were listed as positive vims infection and died m 
14 to 17 da>s 

(10) Brains and cords were pooled from three deficient mice m group 3, two 
had died wnthout signs of infection, one was listed as positive vnnis infection, and 
all three had tome convnilsions with death occumng m 10 to 13 days 

(II) Titration from group S, acid-h>drolyzed casern diet, with tryptophane 
added Four brains w ere pooled from nuce that had become paralyzed and died 
m 6 to 8 da> s 

(12) Titration from group 9, S 4 per cent EAA diet (contaimng tryptophane) 
Three brains were pooled from mice that had died m 6 to 8 days, one had been 
paralj"zed, one obvnously had a virus infection without paralj’sis, and one had 
died without signs of infection 

The results of these titrations are presented m table 6 Unfortunately, not 
enough mice were available to carry out these titrations further, and the end 
pomts cannot be stated with certainty So far as the optimum titration is 
concerned, it is reasonably certam that the end pomt was nearly reached 
This virus has seldom produced infection at dilutions of 10"^ and 10"^ m ev’^en 
one of three mice For the titrations of deficient brains we have, of course, no 
previous basis If the mcubation penods are taken as an mdication, then the 
end pomts were nearly reached, smee m all titrations the tune of paralysis 
lengthened from 5 to 6 days at the 10"- dilution to 11 and 12 days with the 10"* 
dilution With these pomts and the fact that blank titration produced negative 
results m mmd, it is apparent that the virus multiphed m the deficient mice to 
approximately the same degree as m optimum nuce, regardless of the signs shown 
by the mice The course of the disease m all mice m these titrations was typical 

Controls for the ■presence of other viruses In general, imtabihty'^, tome con- 
vulsions, and similar signs are referable to lesions of the bram, the causes of which 
may differ widely Smee other viruses that produce central nervous system 
lesions can also produce the signs and sjmptoms seen m our deficient mice, the 
poEsibihty of a latent virus activnted by the deficiency had to be considered, 
although we have had no suggestion of such m our mouse colony Pinkerton 
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and Swank (1940) reported one instance m nhich thiamine deficiency allowed a 
latent psittacosis virus to multiply and produce signs of infection in pigeoii= 
Particularly, the virus of lymphocytic choriomenmgitis (LCM) and Theiler'a 
FA virus can produce tome convulsions of the sort i\e have described lor uiko 
on the tryptophane-deficient diets In fact, the ongmal paper of Theiler and 
Gard (1940) on the FA virus describes tonic convulsions caused by this \ irus m 
complete resemblance to those we have seen, ivith the sole exception thit in 
tryptophane deficiency such convulsions are not accompanied by the other 
encephalitic signs promment m FA mfection We attempted to test for i latent 
virus m two ways First, two gumea pigs weighmg 350 to 400 g w ere inocul itcd 
with the bram and cord suspension used m titration no 10, described abo\e 
One pig received 0 1 ml mtracerebrally and the other 1 0 ml subcutaneously 
These animals have remamed healthy, mdicatmg that LCiNI virus was probablj 

TABLE 6 


Titrations of brains and cords of mice from series 97 



D11DII01.S INJECTED, EESDIIS* 


5% 

io-> 

io-» 

I0-* 

10-» 

10-1 

1 

0/3 

0/3 

0/3 


— 


2 

— 

3/3 

3/3 

3/3 

3/3 

2/3 

3 

— 

3/3 

3/3 

3/3 

3/3 

— 

4 

— 

3/3 

3/3 

3/3 

2/3 

— 

5 

— 

3/3 

3/3 

3/3 

2/3 

— 

6 

— 

3/3 1 

3/3 1 

3/3 

3/3 


7 

— 

3/3 

3/3 

3/3 

2/3 



8 

— 

3/3 

3/3 

3/3 

0/3 

— 

9 

— 

3/3 

3/3 

2/3 

0/3 


10 

— 

3/3 

3/3 

3/3 

3/3 

• — 

11 

' 

3/3 

3/3 

3/3 

3/3 

— 

12 

— 

3/3 

3/3 

3/3 

3/3 



* Numerator = no of mice developing infection 
Denominator = no of mice injected 


absent from this preparation A third pig, mjected with known LCM virus, 
succumbed to this infection 

The second procedure was the passage of brains from uninoculated trjpto- 
phane-deficient rmce mto young (24-day-old) mice from another stock ‘ the 
deficient rmce used as the source of brains were part of a more recent experiment 
to be published at a later date They were, however, our own stock of mice and 
were fed the same diet (diet no 11), and the results with these mice did no 
differ from those reported m the present communication, in both the coiitro am 
vorus-moculated groups Three groups of brains and cords were injected into 
normal mice One group consisted of three trjptoph inc-deficicnt mice, 

^ Webster Swiss mice supplied by the Department of Vctcriimrj acenet. Lm/crsit/ ■ f 
Wisconsin, through the courtesj of Dr G K L Undtrbjerg 
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inoculated, that had developed signs of severe deficiency and had undergone two 
or more tonic convulsions One died on the twentieth day on the ration and the 
other two were saciificed The brains and cords of the three were removed, 
ground with ilundum in the fresh, unglycerinated state, and a 5 per cent suspen- 
sion was made m broth Five mice were then injeeted mtracerebrally with 
0 03 ml of the 5 per cent suspension The second group consisted of two mice 
in an advanced stage of deficiency that had shown tonic convulsions on the 
twenty-sixth and twenty-nmth days on the diet These were sacnficed on the 
thirtieth day and the brains and cords prepaied as described for the first group 
The 5 per cent suspension was injected mtracerebrally into five mice The third 
group consisted of two mice that were markedly deficient but in which tome 
convulsions had, not been observed One died after 29 days on the diet and was 
kept until the next day m the refrigerator The second was sacrificed on the 
thirtieth day, and the two brains and cords were pooled and prepared as m the 
other groups Five mice were then injected ivith the 5 per cent suspension 
In addition, bacteriological cultures were made of the heart blood of these seven 
mice and of the three bram suspensions m thioglycolate broth and on agar plates 
contammg 5 per cent defibrinated sheep’s blood No rmcroorganisms were 
found after 1 week’s incubation, and the cultures were therefore considered 
bacteriologically negative Although no bacteriological studies were conducted 
on mice m the series reported here, the dead mice m series 97 were autopsied 
routinely, and no gross pathology was noted 

The mice injected with brains and cords from these unmoculated deficient 
mice remained healthy for 28 days, at which time they were sacnficed, and it 
appears unlikely that a latent virus was responsible for the signs we have de- 
scribed for tryptophane deficiency 

Histological studies Histological studies (formalm fixation, gallocyanm 
stained) of a small number of the mice showed no direct correlation between the 
seventy of the lesions and the observed signs Encephahtic, but not poho- 
myehtic, lesions were seen, however, m some of the animals that died without 
showmg typical signs of infection 


DISCUSSION 

Although there aie now many reports m the literature of the various effects 
aberrant nutntion can have on virus diseases, we have not found any report m 
which the virus infection affects nutrition m any specific fashion The results 
we have desenbed here seem to depend both on the effect nutntion may have on 
the virus disease and on the effect the virus may have on nutntion Trypto- 
phane deficiency has resulted, in our expenence, m a modification of the course 
of the disease, to the extent that the usual signs of infection are completely 
depressed m the majority of animals The mfection can scarcely be considered 
more fulminatmg m the deficient mice, m which death supervened without signs, 
since the time of death was later than m mice receivmg tr 3 TJtophane Although 
the disease was inapparent up to the time of death, the virus had none the less 
multiplied, as demonstrated by titrations of the bram and spmal cords No 
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attempt was made to compare the rates of multiplication of the urns in nike 
lackmg or receivmg tryptophane, but at the time of death the virus had multi- 
phed to about the same degree m deficient mice as m mice on diets adequUc ra 
tryptophane, regardless of whether signs of infection or only signs of deficiency 
had been obsen’'ed Histological studies also suggested virus multiplicition, 
smee encephahtic lesions were present in bram sections of some of the mice that 
had not shown signs of infection Histological examinations extensu e enough to 
determme how frequently such lesions might be present were not possible under 
our experimental conditions 

The virus, on the other hand, seemed to precipitate the deficiency of trypto- 
phane msofar as the described deficiency signs can be taken as endence Signs 
of advanced deficiency commonly appeared earlier in mice that had receiied 
virus, but these same signs appeared later m mice that were not moculatcd or 
that had received mjections of normal bram suspensions Extra vitamin supple- 
ments and the presence of the nonessential ammo acids apparently had no effect 
^Tien tryptophane was present, however, even in a concentration as low as 0 3 
per cent of the diet, the results were reversed, deficiency signs were not evident 
and the majority of mice exhibited the characteristic signs of infection in its usual 
course, with death followmg encephalitis and paralysis The fact of virus multi- 
phcation, the presence of encephahtic lesions m some of the mice, the lack of 
paralysis or clear encephahtic signs, and the early appearance of severe defi- 
ciency signs suggest the possibihty that death m these mice may have resulted 
from a combination of deficiency and viral effects, before more characteristic 
encephahtic signs and paralysis could develop 

Smee the virus had multiphed m the deficient mice, and it seems not unlikely 
that tryptophane is a constituent of the virus, it is possible that a inis multiplica- 
tion rendered residual tiyptophane imavailable to the host, thus making the 
deficiency signs more acute 

Prehmmary experiments mdicate that a similar situation obtams in methionine 
and valme deficiencies with this same virus Tonic conaulsions ha\ e also been 
observed m methionme deficiency, but not as yet m a deficiency of valine It 
may be that some necessary metabolic component cannot be synthesized when 
certam of the essential anuno acids are not available m sufficient quantity 

The importance of mamtion m the results we have obtamed is difficult to 
assess It is true that mice on these rations eat very little We have studied 
the effects of mamtion on this virus disease and have ascertamed that reduction 
of the total food mtake to 1 g per day, or calonc restnction to 1 g of the fats, 
proteins, salts, and vntamm mixture, plus only 0 5 g of sucrose does not duplicate 
the results with tryptophane deficiency Typical signs of infection were -oni"- 
what suppressed m about half of the mice, but there was no delay or reduction in 
mcidence iMany of the deaths occurred before paralj:5is began in control 
oToups fed the complete diet ad libitum and rmght be considered more fulinin-t- 
m-^ infections Attempts to reduce the food intake further hav e rcmltcd in tn’ 
death of too many of the mice to conduct an effectr e study The in in^ on 
studies were conducted with the IS per cent casein diet This Il-s not b- a 
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repeated with the essential ammo acid diet since those mice that were fed this 
ration, including 0 3 per cent tryptophane, also ate very little The weights are 
barely maintained and there is often an initial weight loss, not so marked as on 
the deficient diet Despite the low food intake of mice on this ration, the signs 
of infection were clear, uninoculated controls showed no signs of deficiency and 
survived throughout the experiment 

The observations reported here are seemingly at vanance with those of Jones 
et al (1946) m their study of low tryptophane diets and poliomyelitis They 
found that diets low in tryptophane produced a marked delay m onset but no 
other modification of the disease They were usmg, however, a different virus, 
the Lansing stram of poliomyelitis, and tryptophane was supplied at 0 02 per cent 
level in an otherwise deficient diet containing zem as the protem source This 
amount was supplied m order to prevent an undue number of animals from 
dymg of deficiency, a necessary precaution when dealmg with a virus that may 
have a long mcubation penod Weight curves given for their mice mdicated 
that this amount of the ammo acid was enough to mamtam the animals at fairly 
constant weight Inasmuch as our deficient diet contained no tiyptophane and 
steady weight losses occurred, the two senes of expenments are not stnctly 
comparable 

Smce m our expenments the deficient diet seemed to suppress paralysis more 
effectively than encephalitis, both of which occur m this virus disease, it has 
appeared worth while to study this deficiency with WEE virus, which produces 
mamly encephahtis with little cord mvolvement, and with Theiler’s ongmal (TO) 
virus, which produces pohomyehtis with almost no encephahtic signs Expen- 
ments along these Imes are under way and will be reported at a later date It also 
appears important to approach this problem from another pomt of view — the 
use of ammo acid analogues, which may be metabolic antagomsts The study of 
bactenal viruses has been notably successful with this approach Tryptophane 
IS apparently necessary for the multiphcation of the T2 bactenophage m Escheri- 
chia coll, smce the analogue 5-methyl tryptophane inhibits the synthesis of virus 
without affectmg the respiratory actmty of the host cell, and this inhibition can 
be reversed specifically by the addition of tryptophane (Cohen and Fowler, 
1947) Ammo acid analogues have also inhibited the growth of vaccinia virus m 
Maitland type tissue cultures (Thompson, 1947) The ammo acids for which 
analogues were used m this case were glycme, vahne, phenylalanme, and 
methiomne 


SUMMARY 

Low protem (9 per cent casern) and high protem (36 per cent casern) diets 
have, m our hands, exerted no influence on infection of mice with Theiler’s 
GDVII virus 

A marked effect on this disease has, however, been produced with diets deficient 
m tryptophane The deficiency has been mduced by feedmg pure ammo acid 
diets (containing only the essential ammo acids) mmus tryptophane and by feed- 
mg acid-hydrolyzed casern, m one series double amounts of vitamins were also 
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given m an attempt to rule out possible compbcations m the deficiency RegirJ- 
less of the diet used to produce the deficiency, or of the presence of extra \ it imica 
and the nonessential ammo acids, the results have been an accelerated death nto 
compared to control deficients, a delayed death rate compared to those mice 
receivmg the same diets plus 0 3 per cent tryptophane or the IS per cent CAcm 
optimum diet, and a lack of the charactenstic signs of infection in the majontj 
of deficient mice The signs shown by these animals are, however, characterijtii, 
of the deficiency but appear earlier than in unmoculated controls, the effect scem- 
mg to be a precipitation of the deficiency by virus mfection That the iinis 
had multiplied m the deficient mice m which no signs of infection could bo ob 
served was demonstrated by titration of their brams and cords in young normal 
mice Histological studies confirmed this, smee evidence of encephalitis was 
found m such animals IMice receivmg tryptophane, added to the punfieJ 
ammo acid or acid-hydrolyzed casern diets, or those on the IS per cent casein 
diet, showed typical encephalitis and progressive paralysis On the ammo acid 
diet paralyses were frequently fewer than on the 18 per cent casein diet, but 
mfection was mdicated by encephalitis when paralysis was absent 
Tr3q)tophane deficiency alone has produced definite signs Among these is a 
convulsion of the tome type, during which the hmd legs of the mouse are com- 
pletely extended, the forelegs flexed, and the whole mouse is extremely rigid and 
cyanotic At tunes the hmd legs are extended and the forelegs mo\e con 
vulsively These convulsions occur m late stages of the deficiency, since death 
usually follows withm several days Death may occur m one of these seizures, 
but often the mice undergo such convulsions 3 to 5 times on as many days before 
dymg The possibility that a latent virus is responsible for these signs has been 
tested by passage of the brains and spmal cords of these mice intracerebrall> 
mto young normal mice and mtracerebrally or subcutaneously into guinea pigs 
No evidence of an infectious agent was found 


REFERENCES 

Clakk, P F , Waisman, H A , Lichstein, H C , axd Jones, E S 19-15 Inlluencc of 
thiamine deficiency in Macaca mulatta on susceptibility to experimental poliom>thtii 
Proc Soc E\ptl Biol Aled , 68f 42-^5 

Cohen, S S , xnd Fowler, C B 1947 Chemical studies on host virus mtcraclioaJ 
III Tryptophane reqmrement in the stages of \iru3 multiplication in the I-scherichii 
C 0 Z 1 -T 2 bacteriophage system J Exptl Med , 86, 771-784 
CooPERiixx, J M , Lichstein, H C , Cl.xrk, P F , xxd Eliehjem, C A 1910 Tft in 
fluence of thiamine on the susceptibility of chicks to avian cncepbaIorn>thtis 

Bact , 62, 467-^70 r. 

Foster, C , Jones, J H , Henle, W , und Doi fh an, F ltU4a The offect of /itainiu . 
deficiencj and of restricted food intake on the response of mice to the Laii-iiio a '-i' 
of poliomvelitis virus J E\ptl Aled , 79, 221—23-1 ^ 

Foster, C , Jones, H H . Henle, W , xnd Dorfm in, F ICtl 15 The comparatue e cu ^ 
of ntamin Bi defieiencj and restnction of food intake on the rcspori-. of ii “ 

Lansing strain of poliomjelitis, as determined bj the p-ired feedin„ tcthmqe 

Exptl Med , 80, 257-201 j 

Jones J H , Fostef, C , nENLE,\\ , a-nd Xllx.a dei , D 1910 Dietary defi. ^ 

Dohomeelitis Effects of low protein and low treptophaiic diets o i tl e r. ^ 
mice to the Lansing strain of poliomjclitis virus Xrch BioeLeui , 11. 



19 IS] PllOTLIN INl'AKL jVND ENCEPHALOMYELITIS OF MICE 111 

Keaiiney, E B,Pond,W L , Plass, B A,Maddy, K H , Elvehjem, C A , and Clark, 
PE 1917 In manuscripl 

LicubTLiN, II C , McCall, K B , Elveujlu, C A , and Clark, P F lOlGa The m- 
lluenco of “folic acid” deficiency in Macaca mulatia on susceptibility to experimental 
poliomyelitis J Bact , 62, 105-110 

LiciisTEiN, II C , McCall, K B , Kearney, E B , Elveiijem, C A , and Clark, P F 
19166 Effect of minerals on susceptibility of Swiss mice to Theiler’s virus Proo 
Soo E\ptl Biol Med , 62, 279-284 

Licustein, H C , Waisman, H A , Elveiulm, C A , and Clark, P F 1944 Influence 
of pantothenic acid deficiency on resistance of mice to experimental poliomyelitis 
Proc Soc Exptl Biol Med , 66, 3-5 

Lichstein, H C , Waisman, H A , McCall, K B , Elvehjem, C A , and Clark, P F 
1915 Influence of pyridoxine, inositol, and biotin on susceptibility of Swiss mice to 
experimental poliomyelitis Proc Soc Exptl Biol Med , 60 , 279-284 

Olitsky, P K 1945 Certain properties of Theiler’s virus, especially in relation to its 
use as model for poliomyelitis Proo Soc Exptl Biol Med , 68, 77-81 

Phillips, P H , and Hart, E B 1935 The effect of organic dietary constituents upon 
chronic fluorine toxicosis in the rat J Biol Chem , 109, 657-663 

Pinkerton, H , and Swank, R L 1940 Recovery of virus morphologically identical 
with psittacosis from thiamin deficient pigeons Proc Soc Exptl Biol Med , 46, 
704-706 

Rasmussen, A F , Waisman, H A , Elvehjem, C A , and Clark, P F 1944o Influence 
of the level of thiamine intake on the susceptibility of mice to poliomyelitis virus 
J Infectious Diseases, 74, 41-47 

Rasmussen, A F , Waisman, H A , and Lichstein, H C 19446 Influence of riboflavin 
on susceptibility of mice to experimental poliomyelitis Proc Soc Exptl Biol Med , 
67, 92-95 

Schneider, H A 1946 Nutrition and resistance to infection Vitamins and hormones 
Edited by R S Harris and K V Thimann Academic Press, Inc , New York Refer 
to p 35-70 

Theiler, M 1937 Spontaneous encephalomyelitis of mice, a new virus disease J 
Exptl Med , 66, 705-719 

Theiler, M , and Card, S 1940 Encephalomyelitis of mice I Characteristics and 
pathogenesis of the virus J Exptl Med , 72, 49-67 

Thompson, R L 1947 The effect of metabolites, metabolite antagomsts and enzyme 
inhibitors on the growth of vaccima virus in Maitland type of tissue cultures J 
Immunol , 66, 345-352 

Waisman, H A , Lichstein, H C , Elvehjem, C A , and Clark, P F 1945 The effect 
of fat and sodium pyruvate on susceptibility of thiamme deficient mice to pohomyelitis 
virus Arch Biochem , 8, 203-210 




THE APPARENT INVOLVEMENT OF VIBRIO FETUS IN AN 
INFECTION OF MAN* 

B Q WARD 

Deparlment of Veicrtnari; Science and Bacteriology, University of Wyoming, 

Laramie, Wyoming 

Received for {lubhcatiou October 3, 1947 

Many articles can be found in the literature concerning the infection of live- 
stock by Vt6rio /eius References have been made to such infections m both the 
male and female animal To the knowledge of this writer, however, only one 
report has been made concemmg infections with this organism, or at least a very 
similar one, in the human race Curtis (1913) reported the isolation of a curved, 
motile, anaerobic bacillus from utenne discharges of two female patients one 
whose infection followed instrumental abortion, and the other whose labor at 
full term was complicated by the same orgamsm This rod Curtis assigned to 
the genus Vibrio Apparently no reports have been made of a vibnomc infec- 
tion m the male human mvolvmg this or any very similar organism 

Recently a male worker in this laboratory, in an attempt to obtain a pure 
culture of a Staphylococcus for addition to the stock culture collection, had 
occasion to open aseptically a small, simple pustule located on the cheek From 
the pus and exudate obtamed, nutnent agar and blood-ennched (10 per cent) 
nutnent agar plates were moculated by the streak method At the same time a 
film was made from this matenal, which was stamed by Gram's method This 
preparation showed “comma” or “S-shaped” gram-negative organisms, a few 
short gram-negative rods, and large, nonsporulatmg, gram-positive rods 

Culturally the large rod grew quite as well on plain nutrient agar as on the 
blood medium under aerobic conditions and at a temperature of 37 C Growth 
was visible m 24 hours The small, curved, gram-negative rods, however, were 
reluctant to grow even upon the 10 per cent blood agar Transfer to a fresh 
plate of blood agar imder an atmosphere of 10 per cent CO 2 , however, produced 
an increased amount of growth m 3 to 4 days Colonies of the large rod were 
5 to 15 mm m diameter, raised, concave, glistenmg, smooth, entire, and dirty- 
white m color Colomes of the small, curved rod were 1 to 3 mm m diameter, 
raised, concave, ghstemng, smooth, entire, and blue to blue-gray m color 
Growth of this second orgamsm was also obtained upon moculation of thiogly- 
colate blood broth * This growth was noted to occur at a depth of one-half 
mch To one set of thioglycolate blood broth tubes, 3 per cent gelatm was 

* The investigation reported in this paperis in connection with a project of the Wyoming 
Agricultural Experiment Station and is published by permission of the Director 

• This consisted of 


Neopeptone 

10 g 

Gelatin 

1 g 

K 2 HP 04 

2 g 

Meat extract 

3g 

Sodium thioglycolate 

1 g 

Water 

1,000 ml 

Agar 

1 g 

Adjusted to pH 7 0 
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added The curved rods did not bring about hquefaction of the gehtm inthin 
1 week To three other sets of thioglycolate blood broth tubes, gluto^e, 
sucrose, or lactose in 1 per cent concentrations was added According to teota 
with Benedict’s quantitative reagents, these sugars had not been fermented in 1 
week although ample growth of the curved rods was noted Hangmg drop 
exammations of each organism showed them to be motde 
As the cultures aged, the large gram-positive rod was noted to assume the 
gram-negative reaction to a certam extent The short, curved rod exliibitcd a 
tendency to form short, straight, or “S-shaped” chams At all ages this orgin- 
ism showed defimte granulation with the ordmary stams 

The serological studies upon this isolated curved rod were bnef but of interest 
A salme suspension of 1 bilhon cells per cubic centimeter reacted w ith a scnim 
diluted to 1 120 This serum had previously been drawn from a pregnant ewe 
infected with a known stram of Vibno fetus (Cambridge ovme stram R ) and 
had been found to agglutinate that orgamsm m dilutions of 1 160 

This shght infection m itself would have been no cause for interest had it not 
been for the fact that the mfected worker had been engaged m research m\ olving 
Vibno fetus for some weeks There is a very definite possibility that the larger 
gram-positive rod encountered was responsible for the small lesion with the 
smaller orgamsm restricted to the role of a secondary mvader of little or no 
importance It is worthy of note, however, that Vthno fetus is capable of 
mamtainmg itself withm the male human body 
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The etiological agent of glanders, or farcy, was first isolated m pure culture by 
LoeSler and Schutz in 1892 The genus Malleomyces includes only two species — 
Malleomyces mallei and Malleomyces pseiidomallei (Bergey et al , 1939) Very 
few studies have been conducted with M mallei in the last 25 years since, by the 
destruction of infected animals detected through mallein skin tests and serum 
complement fixation tests, the disease has been almost eradicated in most civil- 
ized countries from its natural equine hosts 
M pseiidomallei {B whitmori) was identified by 'Whitmore (1912) as the 
etiological agent of melioidosis, a disease of man similai to glanders The wild 
rat of southeastern Asia is reported to be the natural host, but natural infection 
has been found in rats, rabbits, cats, and dogs (Stanton and Fletcher, 1932) 
The purpose of this paper is to present studies on morphology, cultivation, 
viability, disinfection, and isolation of the organisms from contammated speci- 
mens Studies on virulence and ammal susceptibility are reported m the 
succeedmg paper Reports of studies on comparative serological reactions, 
chemotherapy, chenucal fractions, pathological changes m infected animals, and 
SIX human cases of glanders will be reported elsewhere 

Eight strams of M mallei and two strains of M pseiidomallei were used m the 
studies reported The source, date of isolation, and reported virulence of each 
stram are given in table 1 


MORPHOLOGY 

The strams of M mallei and M pseudomallei used m this work were mdis- 
tmgmshable morphologically Pleomorphism was not marked even m old cul- 
tures Apparent filamentous forms on careful study appeared to be long chams 
of bacilh that were closely muted 'When stamed with common granule stains, 
the orgamsms showed scattered areas of mcreased density, givmg a defimte 
granular appearance This was especially marked in direct films from infected 
tissues stamed with Wnght or Giemsa stains Study of such preparations gave 

' The authors wish to acknowledge the able technical assistance of John Winn, C PhM, 
USNR, Leonarda M Scull, PhM2/c, USNR, Charlotte Howard, PhM2/c, USNR, Rebecca 
Carey, PhM2/c USNR, June Murray, PhMl/c, USNR, Jerome Levine, PhM2/c, USNR, 
and Marlyn Pyne, PhM3/c, USNR 
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the ^pression that the orgamsms were encapsulated, but this could not 

n the common capsule stains Flagellar stains sho^ioJ 
that iU pseudonmllei possessed lophotnchate flagella, whereas .1/ malt nas 

tnchous Broth cultures of M pseudomallei continued to show actn e motilit 
after storage for 5 months ^ 

When photographed m the electron microscope,- the organisms of both species 
showed marked variations m the internal structure of the cell In some orcon 
isms there appeared to be only a bipolar mcrease m protoplasmic density In 


TABLE 1 

Data on the siratns of M mallei and M pseudomallci studied 


02GAKIS21 

DESICNATXO'? 

SOOSCE 

D VIE OP isoianoN 

nacLL. cr 

DISICSATlC'f U 
IU13 mu 

M mallet 

2024-2MP* 

Unknown 

Unknown — 
very old 

Low 

IMP 

0 

M mallet 

2024-3PP* 

Unknown 

Unknown — 
very old 

Low 

3PP 

u 

M mallet 

2024-3MP* 

Unknown 

Unknown — 
very old 

Low 

3.MP 

M mallet 

3t 

Kweiyang, 
China j 

1942 

Straus- 

positivo 

C3 

M mallet 

4t 1 

Lung of 

1 horse 

1942 

Straus 1 

positive 

Cl 

M mallet 

5t 

Lung of 
horse 

1942 

Straus 

positno 

Co 

M mallet 

Kt 

Unknown 

Unknown 

Unknown 

Ct5 

M mallet 

3873* 

Fatal 

human 

case m 
China 

1944 

Very high 

C7 

M pseudomallet 

2£Wt 

Unknown 

Unknown 

Avirulcnt 

U291 

M pseudomallei 

295t 

Unknown 

Unknown 

Avirulcnt 

MiOo 


* Cultures from U S Army Veterinary Laboratories used in the preparation of mallein 
The authors are indebted to Colonel E Eandall, VC, USA., for supplying these strains 
t Type cultures from the China Epidemic Prevention Bureau (Dr T’angs’ laboratory) 
The authors are indebted to General E A Kelser, VC, USA, for procuring these atraias 
t Old laboratory stock cultures from the Calcutta School of Tropical Medicine The 
authors are indebted to General R A Kelser, USA, for procuring these strains 

others, the cell contained scattered, clear, refractile bodies rcacmbling lipo.dal 
globules and opaque bodies resembling dense protoplasmic accumulations 
(figures 1, 2, and 3) A definite cell nail was t isible, and flagella were scattered 
through the field surrounding the cells of Jf pscudomallei (figure 3} LIcetroa 
micrographs of M pscudomallei taken after a suspension was subjected to ..o'' 
vibration for 1 hour shoued numerous small circumscnbcd bodies in the ccllu r 
debris, resemblmg extruded bpoid globules (figure 1) Fat bodies -ithn 
cells of M mallei ha\e been demonstrated preeiously b> speei d lai staiai ('’> o 

> We are indebted to Dr L A Chambers for the p-cparation of the clec’roa m c i-a i -J 
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Fig 1 Li LCTiiON Micrograih 01' M mvllei 
Note areas of increased protoplasmic densitj, light areas resembling vacuoles, and 
refractile cell membrane Magnihcation appioximately 27,000 X 




Fig 2 Electron Micrograph of M mallei Showing Dense Granules and Clear 
Refractile Areas within the Cells 
Magnification approximately 13,500 X 



Fig 3 Electron Microcrvpii oi M ibHDO\t\,LLU 
Note intracellular retractile areas, areas of increased deiiBit}, and llif,(.llir strlllll^ 
scattered around the cells Magnification approximatelj 12,500 X 
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ley and Young, 19‘15) and a complex lipoidal substance was extracted chem- 
ically from the organism m tins laboratory (Hmk, Miller, and Tanner, 1948) 

CUNTIVATION 

The medium used routinely for M mallei by former workers was a meat infu- 
sion base to which 1 per cent glycerol and 1 per cent peptone were added M 
pscudomallci was known to grow well on standard laboratory media In an 
effort to find simple base media and synthetic media that were satisfactory for 
both organisms, the growth of both organisms on the test media was carefully 
compared with that on the glycerinated meat infusion peptone media Com- 
parison was made by plate counts (surface-streaking techmque) and colonial 
study on solid media, and by turbidity measurement and viabihty counts of 
hquid media cultures The optimum pH for both organisms was 6 8 The fol- 
lowing media (all contained 4 per cent glycerol and were adjusted to pH 6 8) 
supported growth of both organisms, equal m every respect to the infusion base 
medium 

(a) Beef extraet (0 3 per cent) peptone (1 per eent) agar 

(b) Potato infuaion agar (no beef or peptone) 

(o) Cysteine (0 1 per eent) peptone (1 per cent) agar 

(d) /Vsparagino (0 5 per cent) agar (no beef or peptone) 

(e) Beef e\traot (0 3 per cent) peptone (1 per eent) broth 

M pseudomallet also grew well on all standard bactenological media and did not 
require glycerol, although growth was somewhat enhanced by its presence 
M mallei required glycerol for optimum growth 
The colomal appearance and biochemical activity of the strains of M mallet 
studied corresponded with those desenbed by previous workers The colomal 
appearance of both strains of M pseudomallei was the same as that desenbed by 
Stanton and Fletcher (1932), but our strains did not actively ferment any of the 
sugars tested Colomes of M mallet on agar were smooth, entire, convex, 
translucent, and similar to those of Escherichia colt except that the latter were 
somewhat larger M pseudomallei colomes were smooth after 24 hours’ meuba- 
tion and were identical in appearance with 48-hour M mallet colomes They 
became rough and flat and had finely crenated margins after 48 to 72 hours’ 
mcubation Mucoid and mtermediate colomal types of M pseudomallei (Stan- 
ton and Fletcher, 1932) and rough vanants of M mallet were obsen'^ed from time 
to time, but senal colomal isolation gave only 75 to 90 per cent of the colomes m 
the vanant phase, and on contmued cultivation aU reverted to the original type 
The distmctive yellowish-brown pigmentation of Malleomyces organisms did 
not appear until after 4 to 7 days’ mcubation M pseudomallei showed rapid 
and complete proteolytic activity on all media contaimng colloidal or coagulated 
proteins 

Since it was observed that both orgamsms grew well on agar cont ainin g 0 5 
per cent asparagine as the only source of mtrogen, synthetic media which con- 
tamed asparagme as the source of mtrogen were chosen for study Luhrs’ (1927) 
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modification of Long’s synthetic medium for iM^jcobactcrium lukrculo.i^ w u 
found to support good growth of both organisms and the total bictenal counts 
were equal to those m the infusion base broth 
A.eration and oxygenation Since jilalleoniijces organisms are obligitc acrobca 
and produce heavy growth on the surface of media, studies were undert ikon to 
determme the effect of increasing the oxygen tension in broth cultures \.er u ton 
was effected by bubbhng air under pressure through broth m sintered gl iss filter 
flasks or through Handler filter candles m Erlenmeyer flasks of broth 0\} gon i 
tion was accomplished m like manner using pure oxygen under pressure \. thm 
layer of mineral oil or pure lard was placed on the surface of the medium to pre 
vent foammg The effluent from the sealed flasks was passed through a senes ol 
large cotton filters to prevent the liberation of mfectious aerosols into the 1 ibor v 
tory air Cultures were incubated at 37 C until maximum grow th had occurred 
(3 to 5 days), and aliquot portions were removed for plate counts 
Aerated cultures of M mallei were homogeneous heavy suspensions without 
pelhcle formation Although cultures of M pscudomallei showed mo lento 
pellicle formation, the broth was cloudy throughout, and the amount ot pelliclo 
was much less than in nonaerated cultures The maximum viability counts on 
aerated cultures of both organisms varied from 1 X 10’ to 5 X 10’ org uiisms 
per ml, compared with 8 X 10^ to 2 X 10^ orgamsms per ml m nonaerated cul 
tures Oxygenation produced maximum counts of 8 X 10’ to 2 X 10” org in 
isms per ml 


DISINFECTION 

Several of the strams (C3, C4, C5, C7, and W291) of Malleomyces studied 
were highly mfectious for animals, and M mallei proved to be infectious for man 
(How'e and iMdler, 1947) It w^as of considerable importance, therefore, to 
determme the relative efficacy of common disinfectants against these org inisnis 
Tests were made on sodium hypochlorite, phenol, “roccal” (benzalkonium chlo* 
nde), tmeture of lodme, lysol, mercuric chloride in alcohol, and potasoium per 
manganate One-tenth ml of a sahne suspension containing 50 million org ini.-au 
was added to 5 ml of each disinfectant solution At interxmls of 5, 10, H, and 
30 minutes, 0 2 ml of the organism-disinfectant mixture were withdrawn and 
moculated mto 10-ml broth tubes In testing hypochlorite solutions, 0 01 per 
cent ammomum thiosulfate was added to the broth tubes to neutrihzt the lopo- 
chlonte carried oxer from the test mixlure The broth was obscrxtd tor tur 
bidity after 72 hours’ incubation, and 0 1 ml of the broth was plated out ai a 
final test for xiabihty 

Table 2 gixes the concentrations of the disinfectants tested and the minimum 
tune necesLry for sterdization of the suspension of organisms I[\po<hlurue 
(500 ppm axadable chlonne), “roccal” (1 2,000), iodine, mereune thlon.h m 
alcohol, and potassium permanganate were lugldx effcetixe I’heriol us • 
effectixe and Ijsol was ineffectixe “Roccal” (1 2,000) was eho . n to^ rout 
use because ol its high dismlectant action and its lack of eorrosi.e md irnta i- 

action 



1948] 


JLiLLEOMYCES JULLEI AND M PSEUDOJULLEI 


121 


PRESERVATION OF VIABILITY AND VIRULENCE 

The preservation of the viability and the virulence of the vanous strains was 
investigated, since the literature gave little information on this subject and no 
reference to the use of lyophihzation was found 

Viabihly and virulence tn stored cultures Agar and broth cultures of M 
mallei and M 'pscudomallei remained viable for 2 to 3 months when stored at 
room temperature (22 to 28 C), but died more rapidly when stored m the 37 C 
mcubator, in the refrigerator (3 to 5 C), or in the frozen state (rmnus 10 to 30 
C) Although still viable, cultures of M mallei showed a marked drop m viru- 

TABLE 2 


The germicidal activihj of common dtatnfeclanls on M mallei and M pseudomallet 


DISIN^ECTA^*T SOLUTION 

TUCE IN XONUTES NECESSARY TO SILL 

M mallet 

M pseudomallet 

Sodium hypochlorite 



500 ppm chlorine 

5 

5 

100 ppm chlorine 

30 

16 

Phenol 1% 

15 

15 

5% 

16 

10 

“Roccal” 1 2,000 

6 

5 

1 5,000 

>30 

30 

Tincture of iodine (7%) 



1 10 

6 

5 

Lysol 1% 

>30 

>30 

3% 

>30 

>30 

Mercuric chloride 



(1% in 35% ethyl ale ) 

5 

5 

Potassium permanganate 



(1% in 1% HCl) 

5 

5 


lence for experimental animals after storage for 4 to 6 weeks at any of the temper- 
atures mentioned When the cultures of M mallei were transferred weekly or 
biweekly, virulence remamed constant for 2 to 3 months Virulence was kept 
at a constant level by transferrmg stock cultures weekly and passmg each stram 
through hamsters once a month M pseudomallei (virulent stram W294), 
however, retained a constant degree of virulence for experimental animals with- 
out ammal passage, even when stored in culture for 2 to 3 months 
Lyophihzation preserved the viability and virulence of both orgamsms for 
relatively long periods Heavy suspensions of orgamsms were prepared by 
emulsifying the growth scraped from agar plates mto sterile mactivated rabbit 
serum Horse serum could not be used, smee it contamed a thermostabile com- 
ponent that was lethal for Malleomyces org amsms Suspensions were lyophihzed 
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■With a portable lyophile apparatus m a refngerated room held at 0 C Thj 
■was found to be essential smce all organisms uere killed i\ hen Ij ophilization u is 
done -with the apparatus m a room at 15 to 20 C It was apparent th it it w a, 
necessary to keep the temperature of the frozen suspensions considerablj belo.v 0 
C to obtam successful lyophilization The quantitative presen ation "of vnbil 
ity was determmed by plate counts on suspensions before lyophilization and after 
various intervals of storage The two species of Mallcomyces showed about the 
same degree of preservation The average of two separate tests w itli each spenes 
showed that with an ongmal count of 6 9 X 10’“ organisms per ml, 23 per cent 
of the cells were "viable 24 hours after lyophilization and 8 3 per cent were v i iblo 
13 weeks after lyophihzatioa 

In one additional test 'wath il/ pseudomallei the count after 6 months of storige 
was 6 X 10^ compared with the ongmal count of 6 8 X 10’ organisms per ml 
The virulence of AI mallei was lowered moderately by prolonged stonge in 
lyophilized culture, but was rapidly restored by one animal passage through 
hamsters The virulence of il/ pseudomallei was not changed after 6 months’ 
storage, as mchcated by MLD titrations m hamsters 


TABLE 3 


Viability of M mallet and Af pseudomallei in tap voter 


1 

xrviE 

U UAZ.LEI OKGAMSltS PZ2 ML 

U PSIODOIUUII 0ICA.V1S1O Til JO. 

At once 

3 5 X 10’ 

1 8 X 10’ 

2 weeks 

4 0 X 10’ 

2 0 X 10* 

4 weeks 

1 0 X 10* 

4 0 X 10’ 

5 weeks 

0 

7 0 X 10» 

8 weeks 

0 

1 OX 10' 


Viabilily in tap uater The transmission of glanders m horses lias long been 
known to occur by contammation of water in dnnkmg troughs (Hutjra and 
Marek, 1926) Several human cases of melioidosis are reported after ingestion 
or inhalation of lake or pond water (Huard and Long, 1937) Ihe degree of 
survival of Alalleomyces organisms m water was studied by making a dilute 
suspension of the 24-hour growth scraped from the surface of an ag ir slant t.uUure 
mto sterile tap water The dilute suspension was stored at room temperature, 
and tnpheate plate counts were made at once and after 2, 1, 5, and 8 wcl\h oi 
storage The results given m table 3 show that AI mallei survived well lor I 
weeks and then decreased m numbers rapidly .1/ pstudomalU' ippartntb 
mcreased m numbers during the first 2 weeks, and a high percentage sum ul 
dunng the S weeks of storage The degree of surv i\ al of the^^e organi::ms in t tp 
water indicates that water sources rmght remain infectious to anunab or man 
for several weeks after pollution 


I50L.VTI0N' OF M-VLLE0inCE3 FROil CONT VillMTEO al'lCIMLNa 

Because of the marked vanation m the clinic d signs and 3 >TnDtonu, ila d. 
agnosis of acute glanders or of melioidosis m man is largclv de[Ka<hnt u.o.n 
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isolation of the etiological agent When bacteremia is present, isolation by 
blood culture offers no difficulties However, isolation from contaminated 
biological materials such as exudates, sputum, feces, and unne and from possible 
natural sources such as food, water, or soil requires special techniques Studies 
were undertaken to develop methods of differential cultivation and ammal m- 
oculation that would permit the isolation and recognition of these orgamsms 
when present in small numbers in contaminated specimens 

Differential cultivation Plate counts were performed on a suspension of one 
or more strains of each organism on agar plates contaimng senal dilutions of a 
number of common inhibitor dyes and on plam glycennated agar plates The 
mterpretation of the results was based on the plate counts and the appearance 
of the growth A list of suitable inhibitor dyes with the maximum concentration 
that gave no mhibition of growth of M mallei and M pseudomallei is as follows 


Crystal violet 

1 200,000 

Proflavine 

1 500,000 

Acri flavine 

1 500,000 

Acridino orange 

1 500,000 

Acndine yellow 

1 500,000 

Basie fuchsin 

1 100,000 

Acid fuchsin 

1 100,000 

Malachite green 

1 1,000,000 

Bnlliant green 

1 1,000,000 


All of these dyes, m the concentration mdicated, inhibited gram-positive 
organisms Although any one of the dyes could be used successfully to inhibit 
gram-positive organisms, crystal violet was chosen for routme use None of the 
dyes were smtable for differential inhibition of other gram-negative orgamsms 
smce concentrations adequate for this purpose also inhibited Malleomyces organ- 
isms 

Eosm-methylene-blue medium was adapted for use with Malleomyces by 
addmg 4 per cent glycerol Malleomyces grew well on this medium and the 
colomes were clear or slightly bluish Differentiation from coh-aerogenes colo- 
mes was made with ease The limitations of this method for isolation of Mal- 
leomyces from fecal suspensions were (1) coh-aerogenes colomes become com- 
paratively large m the 48-hour mcubation penod necessary for the development 
of M mallei, and (2) the lack of any significant inhibitory action of this 
medium allows overgrowth of gram-positive as well as gram-negative contami- 
nants m all except the higher dilutions of the specimen 

Rapid colonial identification tests Studies were undertaken to find methods 
of rapid identification of suspicious Malleomyces colomes on crystal violet agar 
The oxidase test (Elhngworth et al , 1929, Gordon and McLeod, 1928) was found 
to be positive on Malleomyces colomes Smce there was an mterval of about 
5 minutes between the development of a positive test and death of the orgamsms, 
the colomes givmg a positive test could be subcultured or moculated mto ham- 
sters 

The rapid shde agglutination techmque was apphed and gave dependable 
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results for confirming suspected MaUeomyces colomes The ti\o species oi the 
genus could not be differentiated by this test, however, because of the serolo 'ical 
cross reactions (Cravitz and Miller, 1948) 

Use of antibiotics Smce pemcillm had been found to exert no effect oa MuU 
leomyces in vitro (MiUer, PanneU, and IngaUs, 1948), this antibiotic w-is to 
reduce the number of the other org anism s m contammated specimens SptLi- 
mens were mcubated for 3 hours at 37 C m sahne contaimng 1,000 units ot peni- 
cillm per ml and were then plated out on ciystal violet agar or mjected into 
hamsters Gram-positive organisms were killed or inhibited and isolation ot 
MaUeomyces organisms was greatly facilitated 

Animal inoculation Sahne extracts or suspensions of suspected materiib 
were mjected subcutaneously and mtrapentoneally mto adult male lianisters 
For grossly contammated material, the suspension was mcubated wath peniLillin 
for 3 hours as descnbed above before animals were moculated The develop- 
ment of a Straus reaction, the death of the animal with typical findmgs at lutopsj 
of acute glanders or melioidosis, and cultivation of the organisms from inlectcd 
tissues gave proof of the presence of MaUeomyces org anisms m the specimen 

Application of the methods In order to test the efficiency of the methods, 
studies were conducted to determme the lowest proportion of Mallcomyan to 
total cont amin ant orgamsms that would permit recovery of MaUeomyces Nor- 
mal anim al cage sweepmgs w ere suspended m isotomc saline solution as a source 
of contammants and plate counts w'ere made to determme the number of organ- 
isms present Known numbers of il/ mallei and oiM pseudomallei were adikd 
to ahquot portions of this suspension The cultural isolation technique nos 
tested by moculatmg these muxed suspensions on crj'stal violet agar platca and 
identifymg the colonies of MaUeomyces by the oxidase reaction and slide ig 
glutmation tests The animal moculation technique was tested by treiting the 
mixture with pemcillm for 3 hours and moculatmg ahquot portions subcutane- 
ously and mtrapentoneally mto hamsters 
It was found that MaUeomyces could be easily and uniformly recovered bv the 
cultural method when the ongmal proportion of these organisms to cont iminants 
was as low as 1 to 100 Smce hamsters were very susceptible to glanders md 
melioidosis (MLD 15 to 20 organisms), and not ver>' susceptible to inicctiori 
with the contammants present, M mallet and M pscudomalUi could be uni 
formly recov ered by the animal moculation method when the ongmal proportion 


of MaUeomyces to contammants was as low as 1 to 12,500 
Apphcation of the methods to feces samples to which Malkomycts organ ms 
were added was less successful ENIB igar gave satnfactorj differcnti Uion ci 
colonies, but, because of the limitations oi the method, the proportion ol 1/' t'' 0 - 
myces to Escherichia and AerobacUr organisms liad to be larger than 1 to lU) ni 
get uniform recover} Injections of fecal samples into h misters irequ- nti. 
produced fatal coli-aerogenes infections unless the speeimen w es hi^hl,. di!ut> • 
M mallei and M p^nidomalki were isohted from blood, unne, and jiuru 
exudates from mfected hamsters and guinea pigs bv the forcaong r - 1 

M pstiidowiaf/e: was isobted from the purulent nasal dneharg- o’ ml-it..^ 

bits Attempts to iso'ate Mallomyccs irom teees ot ini<.cwed miim-Is e u 
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successful Application of the methods m six human cases of acute pulmonary 
ghnders failed to reveal the specific orgamsms m the blood or sputum (Howe 
and iMiller, 1917) 


DISCUSSION 

The intracellular granulations prominent in stained preparations of the organ- 
isms and m electron micrographs appear to be lipoid globules and accumulations 
of increased protoplasmic density This is in contrast to the apparently similar 
granulations in the genus Corynchaclenum, which are thought to be protein 
materials ivithm the cells 

The vigorous growth and the stability m respect to viabihty and virulence of 
M pseudomallei were outstanding characteristics of this orgamsm The fact 
that both species of Malleomyces orgamsms remained viable for at least 4 weeks, 
when suspended in tap water, emphasized the importance of mgestion or m- 
halation of polluted water supplies as a means of transmission of glanders and 
melioidosis 

The two species of the genus Malleomyces are very closely related They are 
mdistmguishable morphologically, difficult to distmguish serologically (Cravitz 
and Miller, 1948), and they produce diseases m experimental ammals that are 
practically mdistmguishable clmically and pathologically (Mdler, Smith, and 
Tanner, 1948) The two species differ m only a few respects M pseudomallet 
is motile, grows m 24 hours on ordinary media, produces predommately rough 
colonies on agar, has greater proteolytic activity, and tends to produce a more 
fulmmatmg disease M mallet is nonmotile, reqmres 48 hours’ mcubation for 
growth, and requires glycerol m the culture medium 

Malleomyces organisms have a number of cbaractenstics that suggest a re- 
lationship to Mycohactenum tuberculosis The cells contam a complex hpoidal 
matenal (Worley and Young, 1945, Hmk, Miller, and Tanner, 1948), the organ- 
isms grow m a S 3 mthetic medium developed for Mycobactertum tuberculosis, M 
mallei requires glycerol m the medium and the growth pf M pseudomallei is 
enhanced by its presence, skm test substances (mallem and whitmorme) are 
produced that have many of the properties of tuberculm, and the lesions pro- 
duced are granulomatous m character Furthermore the gross pathological 
changes m experimental animals show a marked resemblance to those m acute 
mili ary tuberculosis (Miller, Smith, and Tanner, 1948) The two genera differ 
m a number of other characteristics, but the s imil arities are worthy of note 

The lack of detailed knowledge of the mechamsms of natural transmission 
suggests the need for careful studies on the epidemiology of glanders and meli- 
oidosis The methods described for isolation of the orgamsms by differential 
cultivation and animal moculation would be of assistance m analyzmg the role 
of animal carriers, insect vectors, and polluted food and water supplies in the 
transmission of these diseases 


SUMMARY 

Electron micrographs of Malleomyces orgamsms show mtracellular refractile 
bodies resembhng hpoid globules and opaque areas of mcreased protoplasimc 
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density Malkomyces pseudomallei possesses lophotnchate flagelJa nbenaa 
Malleomyces mallet is atnchous ‘ 

Both organisms grew weU on beef extract base media M mallet required the 
addition of glycerol Both organism s grew well m Luhrs' modification ol Long s 
synthetic medium for Mycobacterium luberculosts Aeration and oxjgonition 
of broth cultures produced a heavy growth ivith an even turbidity and little or 
no pelhcle 

Studies of the efficacy of common disinfectant solutions showed "roccil" 
(benzalkomum chloride), h3rpochlonte, iodine, and mercuric chloride to be highl> 
effective Phenol was less effective and lysol was ineffective 

Viability and virulence of cultures were well preserved over periods of at least 
3 to 6 months by lyophihzation 

Both organisms remamed viable for at least 4 weeks when suspended m ordi- 
nary tap water, and M pseudomallei apparently increased in numbers 

Effective methods of isolation of Malleomyces orgamsms from contaminjted 
specimens by differential cultivation, rapid colomal identification, and animal 
inoculation are desenbed 
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As a natural infection, glanders occurs only in horses, mules, and donkeys 
Other animals occasionally become infected from contact with infected sohpeds 
The most susceptible of these occasionally mfected species are ferrets, moles, 
field mice, cats, and dogs Sheep, goats, hogs, rabbits, white mice, and house 
mice are reported to be less susceptible, and cattle are immune (Hutyra and 
Marek, 192G) The gmnea pig is considered to be the most susceptible labo- 
ratory ammal The virulence of vanous strains of Malleomyces mallei has been 
reported to vary widely (Bernstein and Carhng, 1909, Dudgeon et al , 1918), 
but in the virulence tests recorded in the literature large doses were given, and 
evaluation of virulence was made solely on the seventy of disease produced 
The wild rats of southeastern Asia constitute a natural reservour of meh- 
oidosis The disease, chronic m the rat, is thought to be transmitted to other 
animals, and to man, by mgestion or inhalation of materials contammated mth 
rat excreta Rabbits, dogs, and cats have been found infected naturally, and an 
occasional case of infection has been reported m other domestic animals Gumea 
pigs, mice, and rabbits have been used m studies of the experimentally produced 
disease (Stanton and Fletcher, 1932) Gumea pigs were reported to be almost 
umversally susceptible, dying of a fulmmatmg infection withm 24 hours after a 
massive moculation and withm 3 weeks after a smaller moculation Monkeys 
were more resistant, developmg fatal infection only aftei mgestion of massive 
doses Rabbits and gumea pigs were susceptible to moculation by the mtra- 
pentoneal or subcutaneous routes and by mgestion and mhalation Although, 
the organisms were reported as highly virulent, the moculum always contamed 
thousands to millions of orgamsms (0 01 to 1 ml of a 48-hour broth culture — 
Stanton and Fletcher, 1932) No reference to a more quantitative evaluation of 
virulence by MLD or LDso determinations was found m the hterature 
The present studies include a comparison of the virulence of the several strains 
and their infectivity by various portals of entry, and a comparison of the sus- 
ceptibihty of several common species of laboratory animals The source and 
characteristics of the strams of Malleomyces studied are given m the first paper 
of this series (Miller et al , 1948) The pathological changes and pathogenesis 

’ The authors wish to acknowledge the able technical assistance of John Winn, CPhM, 
USNR, Jerome Levin, PhM2c, USNR, Leonard M Scull, PhM2c, USNR, Charlotte 
Howard, PhM2c, USNR, Rebecca Carey, PhM2c, USNR, June Murray, PhMlc, USNR, 
and Marlyn Pme, PhMSc, USNR 
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of ex-penmental glanders and mehojdosis mil be reported elsewhere (Miller 
Smith, and Tanner, 1948) ’ 

COMPARATIVE VIRULEXCE OF STRAINS 

Since h ams ters proved to be the most susceptible of the common iiboratorv 
animals tested, the virulence of the se\ eral strains w as compared m this spciiea 
Decimal dilutions of a suspension of the growth from a 24-hour agar slant culture 
were moculated intrapentoneally, using 5 to S animals for each dilution Ihe 
number of organisms mjected was detemnned by triplicate plant count Vll 
animals that died were autopsied and cultures of the infected organs were m idc 
Surv^ivors were held from 20 to 30 days, killed with nembutal, and examined tor 

T4BLE 1 


Comparaiive virulence for hamsters of strains of M mallei and 1/ pscudomalUi 

injected intrapentoneally 


STSAD, 

'mmsa of oscamsus in 

JRD 

LD» 

M mallei QMP 

>500,000,000* 


M mallei 3MP 

>500,000,000* 


M mallei 3PP 

>500,000,000* 


31 mallei 2;MP (serial passage) 

7,000 


31 mallei C3 

20 

12 

31 mallei Cl 

20 

12 

31 mallei C5 

>900,000* 

1 

31 mallei C6 

>1,200 


31 mallei C7t 

<28 

2t 

31 pseudomallei W294 

15 

6 

Jf pseudomallei W295 

>85,000,000* 



* Produced 50 to 90% mortaht> 

■f Only one titration was done with this strain, see test 

t This value is only approximate, calculated dose of 2 6 organisms produced SO'^o 
mortality 

the presence of pathologic changes, cultures were made of the hver, spleen, lungs, 
and heart blood 

The least number of organisms that produced a 100 per cent raorbidit> md 
mortality was considered the mimmum lethal dose (MLD) When po=^ibIt, 
the LD^ dose was computed The average re:=ult3 of several titrations iru 

giv en m table 1 , , „ i , „ 

It wall be noted from table 1 that strains C3 and C4 of M malLi and Mrun 
W’294 of Malleomyces pseiuIomalLi proved to be highly virulent \.nirua rt 
ceivan-^ 30 or more organisms ot these strains mvanably succumbed to iiueet'o i. 
death occurred wathm 14 days, and usually withm 3 to 10 day:,, depending upon 
the size of the inoculum Inoculation ol approximately 10 organu-ia. pro i - ' 
a 25 to 35 per cent mortality 3mce the MLD definite and <_ f - a 
mmed, it was used m preierence to the LD. 
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iVlthough the virulence of the j1/ mallei strains decreased after 1 to 3 months 
of cultivation on artificial media, it was quickly and easily restored to the 
original level by 1 or 2 passages through hamsters Twenty serial passages m 
hamsters produced no evidence that continued passage would enhance or alter 
the original virulence of these strams, nor was there any change m the type of 
disease produced 

Stiain C7 was received just before the experimental work was termmated, 
and only one titration was performed Injection of 26 organisms (and all larger 
doses) gave 100 per cent mortality m an average of about 80 hours, and the 
mjection of a calculated dosage of 2 6 organisms resulted m 80 per cent mortality 
This strain, recently isolated from a fatal human case, was the most virulent of 
the M mallei strams studied 

M mallei strams 2MP, 3 jVIP, and 3PP had a low degree of virulence when 
received Large doses produced subacute or chrome infections that resulted m 
about SO per cent mortality over a period of 2 to 3 months The majonty of the 
survivmg animals showed evidence of mfection (Straus reaction or symptoms 
of general illness) at some time after moculation, but recovered spontaneously 
A few animals showed no evidence of infection at any time The virulence of 
stram 2MP was mcreased by 4 senal passages by the pulmonary route The 
MLD of this passage stram was about 7,000 organisms 
M mallei strains C5 and C6 and M pseudomallei strain 'W295 also proved to 
be of low virulence and were not used further m animal studies 

INFECTIVITY BY VARIOUS PORTALS OP ENTRY 

In View of the high infectivity of M mallei and M psevdomallet for the hamster 
by the mtraperitoneal route, it appeared of mterest to compare the infectivity 
by this route with that by others 

Titrations for infectivity by the subcutaneous route were performed accordmg 
to the procedure previously described for mtraperitoneal titrations 
Infectivity by the respiratory route was determmed by produemg infectious 
aerosols m a specially designed apparatus (Rosebury et al , 1948) Groups of 
hamsters were exposed for varymg periods of time to aerosols contammg different 
concentrations of organisms m order to give graded doses of the mocula Ham- 
sters of uniform size were used, and the average volume of air mspired per mmute 
under the experimental conditions employed was determmed pnor to the test 
runs (Rosebury et al , 1948) The number of organisms inspired (moculum) was 
computed from the total volume of aerosol mspired and the determmed number 
of viable organisms per unit volume of aerosol A total of 149 hamsters were 
exposed to aerosols of M mallei and 256 hamsters to aerosols of M pseudomallet- 
The results m table 2 show that the LD50 (average of several titrations) by the 
subcutaneous route is the same, withm experimental error, as that by the mtra- 
pentoneal route The results of repeated virulence titrations by the respiratory 
route were somewhat variable The figures m the table represent the average 
LDso computed from all of the separate titrations Infectivity by the respiratory 
route, although somewhat lower than that by the subcutaneous and mtrapen- 
toneal routes, was comparatively high 
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Attempts w ere made to ascertam mfectmty by the oral route b> forced raanud 
teedmg of decimal dilutions of the organisms m broth The morbiditj md 
mortahty after such moculation of either species of Malkomycts were \er} ir 
regular, and no accurate LD50 dosage could be determined A dosage of 1 to 0 
million organisms infected only 20 to 40 per cent of the animals, wherc.is d(xu 
of 400 to 500 orgamsms infected a similar percentage :Moreover, in se\enil 
groups that were given doses between these two extremes, none of the animals 
became infected 

SUSCEPTIBILITY OP VARIOUS XNEUAL SPECIES TO INFECTIOV 

Hamsters, gumea pigs, ferrets, rabbits, black mice, white mice, white rats, 
and monkeys were tested to determine their susceptibihty to infection wath 1/ 
inallei and AI pseudomallei 

Guinea pigs It has been pointed out by several authors that when guinea 
pigs are mjected wuth unknown biological materials for the isolation of 1/ malkt, 
several a nim als should be mjected with each sample since some individuals arc 
much more susceptible than others On the other hand, the guinea pig has been 

TABLE 2 

Infeclitnty by various porlals of entry (hamsters) 

or oiCA^sus IS osz LD» 

Subcutanccus 

15 
10 

reported to be uniformly and highly susceptible to infection wnth M pseudomaUei 
(Stanton and Fletcher, 1932) 

Prelumnary observations with both species of Malleoimjces m this labontorj 
mdicated that there was marked mdividual vanation in susccptibilit> to in- 
fection An evaluation of gumea pig susceptibility to the virulent strains of 
Malleomyces available was, therefore, attempted This was done by (1) do- 
tenmnmg the morbidity and mortality following a single large intrapcritone il 
dose of organisms, and (2) by mjectmg graded doses mtraperitoneally in viru 
lence titrations 

A large group of adult gumea pigs was given an mtrapentoneal inocul ition of 
690,000 organisms of M mallei (strain C4), and another like group was gutn a 
similar moculation of 460,000 organisms of M p<,eudomallLi (strdin U 29 1) H a 
daj of death was recorded and autopsies were performed Sun, r ors were kill i 
from 95 to 168 days after moculation and autopsied The rc^^ulLs arc sho >11 m 
table 3 It will be noted that the results with the two species oi 1 

were closel> parallel Some ol the animals in each group died of icute gkoii - 
or melioidosis withm 15 days, others died of subacute or chronic forms 0 u • 
diseases after 20 to 100 da>3 Some of the survivor^ at autopv 
have an active chrome infection alter 163 da>=, but othcr:j =ho >.04 no c.i' - r.e 
of acme mfection or of healed lesions 


Respirt Icry 




Intrapentoneol 


M mallei C3 and C4 
ZI pseudomallei W294 
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A virulence titration was performed m gumea pigs with M mallei, stram C7 
This was the most virulent strain of M mallei The results are shown in table 
4 All animals that died had the acute or subacute form of the disease One 
or more animals in each group either recovered or showed no evidence of having 
been infected Of the survivors only one was found to have foci of active m- 
fection at autopsy It is evident that some individual animals were very re- 
sistant to infection The fact that 2 of 3 animals given 26 orgamsms died of the 
disease shows that some mdividual animals were also very susceptible to m- 
fection with M mallei The calculated LDjo from this titration was 512 organ- 
isms It IS apparent that the chrome form of the disease did not develop with 


TABLE 3 

Results of tnlrapcntoncal injection of a single large dose of M mallei or 
M pseudomallei in guinea pigs 


OZCAKISU 

ho or 

OftCANlSUS 

U^JETTtO 

(IP) 

UOftTAL- 

ITY 

XKTIQ 

1 SUHVIVOSS 

i 

PERCENT 

DEAD 

or 

ACUTE 

DISEASE 

PER CENT 
DEAD OF 
SUBACUTE 
OR 

CHRONIC 

disease 

PER CENT 
INFECTED 
WHEN 
ETLLED 

PER CENT 
RECOVERED 
OR NO 
EVIDENCE 
OF 

INFECnON 

No 

Killed 

after 

M mallei C4 

600,000 

34/46 

11 

168 days 

41 

33 

6 

20 




1 

95 days 





M pseudomallei W294 

460,000 

27/32 

4 

168 days 

34 

49 

3 

13 




1 

125 days 






TABLE 4 


Results of a virulence titration of M mallei, strain C7, in guinea pigs 


NO OF 

ORCAN15NS IN 
JECTED (IP) 

MORTALITY 

RATIO 

AVERAGE DAY 
OF DEATH 

SURVIVORS 

NO STILL 
1N7ECZZD 

NO RECOVERED 
OR NO EVIDENCE 
OF INFECZXON 

No 

Killed after 

2,600,000 

3/4 

17 

1 

70 days 

1 

0 

260,000 

3/4 

17 

1 


0 

1 

26,000 

2/4 

26 

2 


0 

2 

2,600 

3/4 

12 

1 


0 

1 

260 

3/4 

15 

1 

63 days 

0 

1 

26 

2/3 

23 

1 


0 

1 


this highly virulent stram, as it did after the mjection of a smgle large dose of 
stram C4 All except one of the animals either developed a fatal acute form of 
the disease or showed no evidence of infection 
A virulence titration was performed, usmg M 'pseudomallei, stram W294, m 
graded doses mtrapentoneally The dosage given and the results are shown 
m table 5 Regardless of the size of the dosage, some animals died of the acute 
disease, some died of the chrome disease, and some either recovered or were 
never infected The results of this titration parallel those after a smgle large 
dose The calculated LDso from this titration was 440 orgamsms 
Ferrets Twelve ferrets were used to test the susceptibihty of this species to 
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glanders and melioidosis Four ammals \\ere gi\en moderate doiCs intnpon 
toneally and the remammg S nere given graded doses subcut iiieoudv U! 
animals died of acute glanders or mehoidosis between S and 15 daja uier m 
oculation The smallest dosages given were 91 and 73 organiams of If /i< 
and M pseudomallei, respectively It appears that the ferret quite 
tible to both diseases and that the MLD values are less than 91 and 73 org inunio 
for M mallei and 3/ pseudomallei, respectively 
Rabbits Intravenous injection of as high as 300 million orgmiams ot If 
mallei, stram C4, did not infect rabbits This species is apparentlj resist iiit to 
glanders Rabbits given large doses of ilf pseiidomallei, striin W291, sulxu 
taneously or mtravenously developed acute fatal melioidosis The ilegree oi 
susceptibility of the species to this agent was not evaluated 
Mice The susceptibility of black mice and w'hite mice to vurulent struns ot 
AI mallei and M pseudomallei was tested by the moculation of graded doscs ot 

TABLE 5 


Results of a mrulence tilTaiion of M pseudomallei, strain W39i, in guinea pigs 


^0 OP 

OiCANISitS IN- 
JECTED (IP) 

-fORTAlITY 

RATIO 

DEAD Q? ACUTE DISEASE 

DEAD OP SUBACUTE OR CHaOVIC 
DISEASE 

SO or 
$cavi\ou* 

No 

Average day 
of death 

No 

Avenge day 
of death 

4,400,000 

4/5 

2 

8 

2 

22 ' 

1 

440,000 

5/5 

1 

10 

4 

45 

0 

44,000 

5/5 

2 

11 

3 

40 

i 0 

4,400 

4/5 

1 

13 

3 

31 

1 

440 

3/5 

1 

10 

2 

37 

o 

44 

1/4 

0 


1 

26 

3 


• Through an oversight these animals were not autopsied when killed 2 months aftir 
inoculation 


the orgamsms The results were somewhat irregular Sixty to 75 per cent oi 
the nnimnlq developed fatal acute or subacute forms of the diseases lollo.wng 
mtrapentoneal moculations of 2 5 to 30 million organisms Inoculation ot Ic a 
than 450,000 organisms produced no mortality, but a few animals killed 2 to J 
months after moculation were found to have chronic foci of iniection Mu'! 
appeared to be relatively resistant to infection wnth Malleouvjcti organiiiu 
White rats Thirty-five adult white rats were used to estimate the su t>- 
tibility of this species to glanders and melioidosis Intrapcritoncal hick ulatioi^ i 
of 1 million organisms of M mallei, strain C4, tailed to produce an> dcrnoiwtrab.e 
mfection Intrapentoneal doses of 30 mdhon to 1 billion org^ni-nL, ot M p -h' ^ 
mallei, strain 294, produced a subacute or chronic infection with 10 to 'JJ ' 
cent mortahtv Survivors showed no e.idence oi mfection mter iiu^ulua'i 
or when killed' and autopsied after 2 to 3 montlis Smaller uicku! i pru-iu. .4 to 
obvnous evidence oi disease, but loci ot infection were louiui m m e ici - 
on.mil killed for examination Wlute rat;, appe-r to be re-^tont to i met 
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with M mallei and only slightly susceptible to infection ivith the only virulent 
strain of M pseudomallei studied 

Motiheys Si\ Macaca mulala, weighing 5 to 7 pounds, were tested for sus- 
ceptibility by giving them graded doses of virulent M mallei (strain C4) and 
M pscudomallei (strain W294) subcutaneously The animals were kept under 
close observation for 2 months, then they were killed with nembutal and care- 
fully autopsied The 2 animals given the largest doses (1 5 milhon organisms) 
of the 2 organisms developed subcutaneous abscesses at the site of inoculation 
4 days after mjection In the monkey infected with M mallei, the abscess was 
about 2 cm in diameter, drained spontaneously after 4 days, and healed com- 
pletely after 3 weeks During this time there was a daily temperature elevation 
of 1 to 3 degrees, a rapid sedimentation rate, and a marked mcrease in the white 
blood cell count with a moderate relative lymphocytosis There was a loss of 
about 1 pound in body weight and the animal appeared moderately ill In the 
monkey infected with M pseudomallei, the abscess was about the same size, 


TABLE 6 

Comparaltve susceplibiltly of lartous species of laboratory animals to 
experimental glanders and melioidosis 


SPECIES 

CLAKOEES 

UEUOISOSIS 

StucepUbiUty 

LDu (no of 
organisms strains 

C3 and C4) 

Susceptibility 

LDm (qo of 
organisms strain 
\V294) 

Hamsters 

Marked 

12 

Marked 

6 

Ferrets 

Marked 

<90 

Marked 

<73 

Guinea pigs 

Moderate 

612 

Moderate 

440 

Rabbits 

Resistant 


Moderate 

Not determined 

Mice 

Slight 


Slight 


White rata 

Resistant 


Slight 


Monkeys 

Slight 


Slight 



dramed spontaneously m 4 days, and healed completely m 2 weeks The tem- 
perature elevation, rapid sedimentation rate, and white blood ceU elevation 
with relative lymphocytosis diminished to normal as soon as the abscess dramed 

Specific agglutmation and complement fixation tests became positive m both 
animals withm 8 to 14 days after moculation and the titers rose progressively to 
a maximum 4 weeks later Agglutmm titers reached 1 2,560 m the glandered 
monkey and 1 1,280 m the monkey with melioidosis The complement-fixmg 
titer reached 1 640 m both animals Intradermal skm tests using a 1 10 di- 
lution of commercial mallem were negative in both ammals 4 and 6 weeks after 
moculation 

Both animals regamed their normal health and vigor after the abscesses healed 
and appeared completely normal when killed 2 months after moculation Autop- 
sy showed complete healmg of the skm lesions and no evidence of specific patho- 
logical change elsewhere Cultures of all organs were negative for M mallei 
and M pseudomallei 
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The 4 ammals receiving smaller mocula shov^ed no clinical or hbonton e\i 
dence of infection at any time and pathological and cultural examination, it 
autopsy were negative It is apparent that rhesus monkeys nere onl> .I.-duK 

susceptible to subcutaneous moculation with the virulent strains of Malhom',.! 
studied 

Hamsters The average MLD values for virulent cultures of M malla md 
M vseudomallei were found (see comparative virulence of strains) to be approxi- 
mately 20 and 15 organisms, respectively, by the mtraperitoneal or subcutaneous 
routes Because of this high susceptibility, together with the fact that hamsters 
are easily obtamed and simple to care for m large numbers, this species u is 
chosen as the most suitable annual for experimental studies Although idult 
male hamsters were sometimes preferred because of the development of tho 
easily recogmzed Straus reaction, comparative studies showed that they were 
no more susceptible than were adult females 

COMPARATIVE SUSCEPTIBILITY OF THE VARIOUS SPECIES 

The results of the studies m the precedmg sections of this paper are summarized 
m table 6 to facilitate compansons 


DISCUSSION 


M mallei strains 2MP, 3!MP, and 3PP were of very low virulence and pro- 
duced subacute or chrome infection m hamsters The moderately virulent 
strams C3 and C4 produced acute fulmmatmg infections m hamsters and ferrets 
but only subacute or chrome infections m the majority of guinea pigs Iho 
highly virulent stram C7 produced acute fulmmatmg forms of the disease m 
both hamsters and gumea pigs It appears that the virulence of the strain lus 
a great deal to do with the type of disease that is produced This is undoubtcdl> 
a partial explanation for the occurrence m horses of all gradations of the di:jea-o 
from acute fulmmatmg glanders to the chronic low-grade form of farc> It 
may also serve to explain why the disease never became widespread m m in, but 
occasionally m the presence of outbreaks of fulmmatmg infections m horses a 
large number of human cases developed 

The two strams of M pseudomallei were reported to be avirulent stock I ibo- 
ratory cultures Stram W295 proved to be avirulent for experimental aiiim i!s, 
but stram W294 appeared to be highly virulent 

The relatively low MLD values m hamsters by subcutaneous, lutrapentom. d, 
and respiratory routes emphasized the high degree of infectivity of viniknt 
Malleomyces organisms m a susceptible host The erratic re.ulb iftcr ord 
moculation suggests that these organisms are often readil> detro^ed after n 
^restion Ho^\ever, the fact that a small oral moculum produced mfcetion n 
5o to 40 per cent of the animals indicated that this may be an important route ci 


natural infection i „ i, 

The uniformly high degree of susceptibility of hamsters to glanders mJ rr i- 

oidosis compared mth the irregular su^ceptibilitj of guinea pigs emp i- - 
the value of hamsters for expenmental iiork The irregular inaai it, e u 
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pseudomallei (strain W294) for guinea pigs contrasts with the uniform mfectivity 
reported by Stanton and Fletcher (1932) Since their strains were freshly iso- 
lated from cases of the natural disease, this discrepancy may be due entirely to a 
difference in virulence of strains The low degree of susceptibility of rats to 
melioidosis and the development of chrome forms of the disease emphasizes the 
role this species may play as a natural reservoir of infection 

SUMMARY 

The various strains of Malleomijcea mallei and Malleomyces pseudomallet 
studied varied greatly in their virulence The strains of low virulence tended 
to produce subacute or chronic forms of the diseases, whereas strains of high 
virulence produced acute fulminating infections The virulence of one strain 
(2MP) was mcreased by serial passage m hamsters 
Hamsters were easily infected by inoculation by the mtrapentoneal, subcu- 
taneous, and respiratory routes Oral inoculation gave irregular results, but 
some animals became infected after the ingestion of relatively small doses 
Of the laboratoiy animals tested hamsters were found to be the most suscep- 
tible to both diseases Ferrets were also very susceptible, but gumea pigs were 
only moderately susceptible and mdividual animals vaned a great deal m the 
degree of susceptibility Rabbits, mice, rats, and monkeys were least suscep- 
tible 
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CHiVNGES INDUCED IN THE 1,2,3 ANTIGENS OF SALMONELLA^ 

D W BRUNER and P R EDWARDS 
Kentucky Agricultural Experiment Station, Lexington, Kentucky 

Received for publication October 7, 1947 

In a previous note on the nonspecific phases of Salmonella (J Bact , 63, 359) 
it was stated that S newport (VT, VIII e, h-1 ,2,3) had been changed to a form 
indistinguishable from S puens (VI, VIII e, h-1, 2), and the 1,2,3 phases of 
S Oregon and S vejle were changed to 1,2 Smee then the 1,2,3 phases of S 
typln-munum, S Heidelberg, S saint-paul, S coeln, S virchow, S concord, S 
nchmond, S htchfield, S amager, S aberdeen, S pretona, S szentes, and S fayed 
were changed to 1 ,2 by the method previously desenbed This is not simply a 
loss variation smee 1 , 2 phases contain antigens not found in 1 , 2 , 3 phases and the 
change involves a gain as well as a loss in antigen In S htchfield the 1,2,3 
phase was changed to 1,2 and then reversed to 1,2,3 
In S Stanley (IV, V, XII d-1,2) the naturally occurrmg 1,2 phase was trans- 
formed to 1,2,3 and then changed back to 1,2 The other natural 1,2 phases 
of the genus proved resistant to change In all the transformations mentioned 
above it should be emphasized that the results were supported by absorption 
tests as well as by agglutmation with smgle factor serums 
It was possible to prepare a very strong 3 serum by absorption of high-titered 
serum for phase 2 of /S newport by very dense suspensions of S puens This 
serum, when used m low dilution, agglutmated not only 1,2,3 phases but also 
acted upon 1,7 phases and many of the 1,5 phases Identical results were 
obtamed when the serum was absorbed with phase 2 of jS paratyphi B 
Smee antigen 3 is present m small amounts m so many of the nonspecific 
phases, and smee it can be made to appear and disappear by manipulation, it is 
suggested that the antigen be omitted from the ICauffmann-White schema This 
wiU result in a shght reduction of the number of types and will not affect the 
epidemiological value of the schema It will also obviate the necessity of smgle 
factor 3 serum, a reagent that is rather difficult to prepare 

1 The investigation reported in this paper is in connection with a project of the Kentucky 
Agricultural Experiment Station, Lexington, and is published by permission of the Direc- 
tor It was supported in part by a research grant from the U S Public Health Service 
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INDUCED RESISTANCE OF STAPHYLOCOCCUS AUREUS 
TO ViUlIOUS ANTIBIOTICS 

JOHN W KLIMEK, CHESTER J CAVALLITO, and JOHN HAYS BAILEY 
Slcrling Winthrop Research Insitiutc, Rensselaer, New York 

Received for publication October 4, 1947 

In the course of studies on the mode of action of various antibiotics, it was 
observed (Cavallito and Bailey, 1944, Cavallito el al , 1945) that a variety of 
antibacterial substances could be inactivated by various thiol compounds, par- 
ticularly cysteme Antibacterial agents may be classified, on the basis of their 
behavior with thiols, into several gioups some react rapidly with a large vanety 
of — SH compounds, others react rapidly only with cysteine or related j3-ammo- 
alkane thiols, and others display reactions intermediate between these two 
extremes (Cavallito, 1946, Bailey and Cavalhto, 1946) This pattern of be- 
havior of certam antibiotic agents toward thiol compounds prompted a study of 
the development of resistance of Staphylococcus aureus to several of the anti- 
biotics to detemune whether a correlation existed between development of 
resistance and reactivity with thiol compounds 

METHODS 

Staphylococcus aureus 209P (ATCC 6538P) was used throughout these studies 
The antibactenal agents studied were pemcillm, streptomycin, pyocyanm, 
gliotoxm, aspergilhc acid, mercunc chloride, and the active prmciples of Allium 
sativum, Asarum canadense, and Arctium minus The medium employed was 
a beef extract broth at pH 7 0 The susceptibihty of S aureus to the various 
antibiotics was detemuned by growmg the organism m a series of broth cultures 
contammg mcreasing quantities of the antibiotic under test The total volume 
of fluid m each tube of the series was 5 ml, the inoculum consisted of 1 ml of a 
1 1,000 dilution of an 18-hour culture m similar medium Stock solutions of the 
antibiotics were prepared m phosphate buffer pH 7 0 wnth the exceptions of 
streptomyem, of which aqueous solutions were used, and aspergilhc acid, for 
which bicarbonate buffer was found to be the most satisfactory solvent All 
workmg dilutions were prepared m beef extract broth pH 7 0 

EVALUATION OF KESISTANCE 

The index of resistance was the lowest concentration of the antibiotic under 
test that produced complete inhibition of growth after 18 hours of mcubation at 
37 C Resistance of the orgamsm to the antibiotic under study was induced by 
moculation of the culture, from the tube that contamed the maximum amoimt of 
antibiotic that had permitted growth, to a fresh series of tubes cont ainin g ap- 
propnate concentrations of antibiotic In this manner the culture growmg m 
the largest quantity of antibiotic was transferred serially from day to day Dilu- 
tions of antibiotic were so prepared as to provide latitude for variation on either 
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Side of tile concentration of antibiotic in the culture selected as inoculum Tins 
procedure mininuzed the possibihty of losing the resistant organism Headings 
for the presence or absence of growth were recorded at the end of 18 to 24 hours 
In the first 15 to 20 transfers, subcultures were made daily, thereafter transfers 
were made at the end of 48 hours This procedure did not affect the end point 
observed by more than one step in the dilution series and permitted a more 
luxuriant growth of the resistant culture 



Fig 1 Resistance of Staphylococcus aubbus 209 to Antibiotics 
DEVELOPMENT OP RESISTANCE 

Patterns of resistance observed for the vanous antibiotics are illustrated m 
figures 1, 2, and 3 Under the conditions of the experiment S aureus was in- 
hibited by ciystalhne triethylamme salt of pemcillm G in a concentration of 
0 05 micrograms per ml Durmg successive transfers m the presence of penicillin, 
there was a progressive mcrease m resistance until, after 64 transfers, the organ- 
ism grew well m a concentration of 1 mg per ml of penicillin, an increase in re- 
sistance of 20,000 tunes that of the sensitive parent organism This mcrease in 
resistance fluctuated with each serial transfer and illustrates the necessity o 
usmg senes of dilutions rather than a smgle concentration at the level at wmcn 
the resistant culture was expected to grow The pattern of developm^t o 
resistance is m keepmg with the previously reported observations of locia, 
Turner, and Drew (1945) 
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Continued transfers into increasing concentrations of penicillin resulted in 
obtaining a strain of jS aureus that grew in the presence of 4 mg of penicillin per 



SUBCULTURE 

Fio 2 Resistance op Staphylococcus aureus 209 to Antibiotics 



SUBCULTURE 

Fig 3 Resistance op Staphylococcus aureus 209 to Antibiotics 



ml of culture medium — an mcrease of resistance 80,000 times that of the parent 
organism Less fluctuation was noted at resistance levels of 1,000 to 4,000 
micrograms It is also significant that at these high levels of resistance the size 
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of inoculum was of little importance We have found that below 1 mg per ml, 
resistance could be mcreased more readily, and with less fluctuation m the pat-' 
tern, by the use of heavy mocula No attempt was made to mcrease the re- 
sistance of this organism beyond 4 mg per ml 
With the mcrease m resistance of S aureus to pemcilhn a gradual decrease was 
observed in all of the fermentative properties characteristic of the parent stram, 
at 1 mg per ml level all of the fermentation reactions were almost completely 
suppressed Pigmentation was first reduced and then was completely lost, 
hemolysis was retarded and the coagulase reaction was negative m the smgle 
test conducted 

Microscopic examination of the resistant cultures was made at mtervals, and 
the enlargement of the cocci, reported by Gardner (1940) and others, was ob- 
served up to approximately 1 mg levels At this level a complete morphologic 
and tinctorial change was observed The culture became highly pleomorphic, 
showmg elements varymg from cocci to coccobacilh and occasional diphtheroid 
forms An of these elements stained gram-negative In view of this radical 
change m the microscopic picture from that usually observed, a subculture was 
transferred to pemciUm-free broth for study (this stram will be discussed below 
under “Reversal of Resistance”) Another subculture was continued as before 
m peniciUm-containmg medium The stabilization of this strain by repeated 
cultunng m a medium contaming 4 mg of penicillm per ml of medium resulted m 
what appeared to be a fixed t3rpe of moiphology 
The resistance of 5 aureus to streptomycm was found to develop at a rapid 
rate Durmg the course of 7 daily subculturings m broth containmg this anti- 
biotic, the resistance of the culture increased from 0 5 micrograms to 1 mg per 
ml, after 12 transfers the organism grew well m a broth contaming 4 mg per ml of 
streptomycm No attempt was made to mcrease the resistance of the culture 
beyond this pomt 

In contrast to the situation with peniciUm, no significant morphologic changes 
were observed m the culture durmg the course of these experiments with strepto- 
mycm As with pemcilhn, a retardmg effect of streptomycm on the character- 
istic fermentation reactions of S aureus was observed 

The active prmciple “A” of Asarum canadeitse (Cavalhto and Bailey, 1946) 
showed approximately the same pattern with respect to the development of 
resistance by & aureus as did penicillin The degree to which resistances could 
be built up was hmited by the low aqueous solubility of the active prmciple 
Staphylococcus aureus developed only slight resistance to allyl-2-propene-l- 
thiolsulfinate (Cavalhto, Buck, and Suter, 1944) or to the active principle of 
Arctiwm minus (Cavalhto, Bailey, and Kirchner, 1945, Cavalhto and ICirctaer, 
1947) Prolonged exposure to the former compound resulted m but a sbgh 
decrease m the sensitivity of the orgamsm to this antibiotic Whatever re- 
sistance was developed appeared early, and further cultunng of the organism m 
the presence of the antibiotic was without effect No morphological change was 
observed m orgamsms grown for 61 transfers m the presence of this anbbiotic 
The biochemical reactions of the test orgamsm, however, were suppressed • 
similar pattern was observed with the Arctium minus prmciple 
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A moderate degree of resistance was developed by S aureus to pyocyanm and 
gliotoMn after a prolonged senes of exposures The values obtained were 
intermediate between those obtained for the antibiotics that induced marked and 
minimal degrees of lesistance Definite changes m biochemical reactions were 
observed, morphologically the cultuie did not show any change No significant 
resistance to mercuric chloride was developed by S aureus dunng 50 transfers in 
the presence of this agent 

Cultures of S aureus exposed to the action of aspergilhc acid showed consid- 
erable fluctuation in the development of resistance After 32 serial transfers m a 
medium contammg varying quantities of the antibiotic, no sigmficant degree of 
resistance was developed 


REVERSAL OF RESISTANCE 

When the culture had developed resistance to 1 mg of penicillin per ml, a sub- 
culture was made in broth contammg no penicillin It i\nll be recalled that this 
stram had altered biochemical properties, show ed marked changes in morphology, 
and was gram-negative Subculturing m penicillm-free broth brought about a 
gradual return to normal m biochemical reactions, morphology, and staining 
reaction After the sixth subculture in penicillm-free broth very few cocco- 
baciUi or diphtheroid forms could be found After 10 such subcultures only 
tjqpical morphology was observed During the first 10 transfers, the period when 
the morphology and biochemical reactions were returning to normal, a rapid loss 
m resistance was observed Thereafter a more gradual loss in resistance was 
noted, after 63 transfers this strain was susceptible to 0 1 microgram per ml, a 
value only tivice that of the parent culture 
With the strain of S aureus that was resistant to 4 mg of pemcillm per ml and 
stabilized at that level, a different situation was found, this strain remamed re- 
sistant during 40 transfers into pemcillm-free extract broth Other methods 
brought about a return to t3rpical morphology and biochemical reactions as well 
as a reduced resistance (Bellamy and Khmek, 1948) 

With the streptomycm-resistant stram of S aureus, reversal was quite un- 
certam m nature End points varied with successive subcultures with no 
certamty that the same, higher, or lower end pomts might be attamed Indica- 
tions were, however, that only a moderate reversal occurred 
Allyl-2-propene'l-thiolsulfinate-resistant and pyocyanm-resistant strains re- 
tamed their resistance for 48 and 22 subcultures, respectively, whereas ghotoxm 
behaved in a manner similar to pemcillm No attempt was made to reverse the 
resistance obtamed to the active principles oiArcttum minus ovAsarum canadense 

CROSS RESISTANCE WITH PENICILLIN AND STREPTOMYCIN 

No cross resistance with streptomycm could be demonstrated with the peni- 
ciUm-resistant stram at susceptibihty levels below 1 mg per ml When this 
stram, however, had developed a resistance to more than 1 mg per ml of pemcillm, 
it was resistant to 15 to 20 micrograms of streptomycm This organism had a 
normal susceptibihty to streptomycm of 0 5 micrograms per ml Similarly, the 
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streptomycin-resistant stram was not inhibited by 1 microgram per ml of pem- 
cillm, an mcrease of 20 tunes the resistance of the parent stram 

DISCUSSION 

From the data presented, it appears that there are two extremes m types of 
antibiotics relative to the ability of bacteria to develop resistance to them At the 
one end is the group that is charactenzed by rapid development of resistance, 
with streptomycin, pemcilhn, and the active prmciple of Asarum servmg as 
examples, and at the other extreme is allyl-2'propene-l-thiolsulfinate and the 
active prmciple of Arctium minus Pyocyanm and ghotoxm are mtermediate 
with respect to the development of resistance, indicatmg that a gradation may 
exist between the two extremes 

It IS mterestmg to observe that this group of antibacterial agents shows a 
correlation between the abihty to develop resistance and the specificity of re- 
activity with sulfhydryl groups Those antibiotics that are more selective as to 
the type of — SH with which they can react are also more likely to be capable of 
mducmg marked bactenal resistance to their action The data given by Caval- 
hto (1946), which showed the specificity of reactivity with thiols, may be used 
for estimatmg the capacity for the development of resistance 

AspergiUic acid appears to lack the power to stimulate development of re- 
sistance by S aureus This antibiotic failed to react with any of the thiol 
compounds tested 

It IS of further mterest to note that nonreversible bacteriostatic systems are 
formed by those antibiotics that show marked abihty to mduce resistance and 
that also react selectively with thiol compounds (Bailey and CavaUito, 1946) 
Reversible bactenostatic systems are formed by those antibiotics that react non- 
selectively with thiols and to which httle resistance can be developed 

SUMMABT 

Staphylococcus aureus 209P (ATCC 6538P) can develop marked resistance to 
pemcilhn, streptomycm, and the active prmciple “A” of Asarum canadense 
This organism developed an mtermediate degree of resistance to both pyocyanm 
and ghotoxm, whereas very httle resistance was developed to allyl-2-propene-l- 
thiokulfinate, mercuric chloride, or to the active principle of Arctium minus 
This organism failed, under the conditions of these experiments, to develop re- 
sistance to aspergilhc acid 

S aureus has been rendered resistant to a concentration of pemcilhn of 4 mg 
per ml At a concentration of 1 mg perml the charactenstic biochenucal reactions 
of S aureus were lost, and the orgamsm became markedly pleomorphic and gram- 
negative The resistance of the stram was apparently stabihzed by repeated 
transfers m broth contammg 4 mg per ml of pemcilhn 

The biochemical, tmctonal, and morphological charactenstics of the parent 
culture were regamed when the stram that was resistant to 1 mg per ml of pern 

cdlm was cultured m pemcillm-free medium 

Durmg 12 transfers m mcreasmg concentrations of streptomycm, S aureus 
developed a resistance to 4.mg per ml of that antibiotic 
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i\Jl of the characteustic biochemical reactions of the organism were suppressed 

at this level of lesistance, but no noticeable change m morphology was observed 
At high levels of resistance to penicillin and streptomycin slight cross resistance 

to these antibiotics could be demonstrated 
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A search of the literature reveals many cases of artificially induced resistance 
to antibiotics Abraham et al (1941) developed a variant of Staphylococcus 
aureus one thousand times more resistant to pemciUin than the parent stram 
Numerous authors (Gardner, 1940, Smith and Hay, 1942, Fisher, 1946, and 
Khmek et al , 1948) have reported that growth in the presence of pemciUin may 
be accompamed by such morphological changes as pleomorphism, filament 
formation, enlarged cells, and loss of the gram-positive character There have 
been few reports, hou ever, on the physiological changes caused by exposure to 
pemcilhn Lyons (1943) has reported that pemcilhn-resistant staphylococci 
were unaltered m coagulase activity and m the fermentation of marmitol No 
loss of virulence was observed Abraham and Cham (1940) reported that 
mduced resistance of staphylococci to pemcilhn is not accompamed by the 
production of a pemcillm-destroying en 23 rme 
Smee the mode of action of antibiotics may be deterrmned by physiological 
and metabohe studies, rather than by morphological studies, the present work 
was undertaken to detemune more completely the physiological changes brought 
about by mduced resistance to pemcillm 
Both Khmek et al (1948) and Abraham et al (1941) reported that pemcilhn- 
resistant staphylococci grow more slowly than did the parent stram Highly 
resistant variants were observed to grow almost exclusively at the surface of 
broth cultures It was this observation which led the authors to suggest the loss 
of anaerobiosis as a possible cause for slower growth of the pemcilhn-resistant 
vanant A corollary of this theory would suggest that orgamsms that cannot 
grow aerobically would develop httle resistance to pemcilhn This might 
explam the mabihty of McKee and Hauck (1943) to obtam greater than 30-fold 
mcrease m the resistance of streptococci and pneumococci as compared to an 
mcrease of 1 , 000 -fold to 6 , 000 -fold for staphylococci 
The data presented m this paper show that a pemcilhn-resistant vanant of 
S aureus has lost the abihty to grow anaerobically Under similar experimental 
conditions certam other organisms that cannot grow aerobically developed httle 
resistance to pemcilhn 


CULTUKES AND METHODS 

Khmek et al (1948) developed P 60 T 24 , a pemcilhn-resistant vanant of Staphy- 
lococcus aureus 209P, which grows readily in the presence of 4 mg per ml of 
pemcilhn This vanant was obtamed by senal transfer m broth contammg 
mcreasmg concentrations of pemcilhn Vanant PeoTsi, the parent stram S 
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aureus FDA 209P (Amencan Type Culture Collection 6538P), Streptococcus 
faecahs lOCI and Streptococcus mashiidis 68C from the Laboratoiy of Bac- 
teriology at Cornell Umversity, and Closindium welchz M from this laboratory 
■were used throughout these experiments ^ 



Fiq 1 Aerobic Growth op Penicillin-sensitive S aitreiis 209 P (S) 
AND Penicillin-resistant Pjo Ts< (R) 

"Optical density” determined with Evelyn colonmeter at 660 mp 



Fig 2 Anaerobic Growth of Penicillin-sensitive S aureus 209 P (S) 

AND Penicillin-resistant P»o Tj< (R) 

“Optical density” determined with Evelyn colonmeter at 660 mp 

Aerobic conditions were obtamed by growing the culture in 10 ml of broth m 
250-ml Erlenmeyer flasks Anaerobic growth was detemuned in broth under a 
“vaspar” seal The amount of growth was determined turbidimetncally using 
an Evelyn colorimeter with the 660 miUinucron filter The streptococci tv ere 
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Fia 3 Development op Induced Resiptancb bt Sebial Tbanspbb in 
Penicilun-containinq Bboth 



/Va OF SUBCULTURES 

Fia 4 Development op Induced Resistance bt Sebial Tbansfeb in 
Penicillin-containing Broth 

grown m a medium consisting of Difco yeast extract, 1 per cent, Sheffield “N-Z 
amine,” 1 per cent, dipotassium phosphate, 0 5 per cent, and glucose, 0 1 per 
cent The clostridium was grown m Difco anaerobe medium, which does not 
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contain any pemciUm-mactivating thioglycolate The medium was boiled 
unmediately before use to expel oxygen, then cooled, and the pemcilhn added 
immediately precedmg inoculation Crystallme penicillin G was used in all 
experiments 


RESULTS 

Figures 1 and 2 represent aerobic and anaerobic growth curves of S aureus 
209P and P 60T24 Aerobically, the resistant variant grew about one-half as 

fast and reached about eight-tenths the final turbidity of the sensitive, parent 
culture Anaerobically, PeoTu did not grow at an appreciable rate 
The results of attempts to induce pemcilhn resistance m the other three 
organisms by the serial dilution method are presented m figures 3 and 4 The 
resistance curve for S aureus 209 (obtamed by Khmek et al , 1948) is included for 
comparison The resistance of S faecahs lOCl mcreased 11 times in 47 transfers, 
that of S mashtidts 68C 6 times m 24 transfers, and that of C welchti M 10 
times in 25 transfers 


DISCUSSION 

The evidence strongly suggests that pemcilhn mterferes with one or more 
essential components m the anaerobic energy mechanism of susceptible organ- 
isms Although several authors (Burke, 1939, Barron and Friedeman, 1941) 
studied pathways for carbohydrate utihzation other than the Meyerhoff-Emden 
scheme, httle is known about the energy relations involved Intermediates 
have been neither isolated nor characterized Therefore, the problem of deter- 
mimng the exact site of inhibition is complex 
Triose phosphate dehydrogenase, the enzyme responsible for the oxidation of 
1,3-diphosphoglyceraldehyde to 1,3-diphosphoglycenc acid, is knoivn to be 
mhibited by lodoacetate or lodoacetamide It was thought that the use of 
these inhibitors could indicate whether the resistant variant utilized this enzyme 
It was found, however, that S aureus 209 and Peo T24 are equally sensitive to 
lodoacetamide, thus suggesting that both vanants utihze triose phosphate 
dehydrogenase 


SUMMARY 

A pemciUm-resistant variant of Staphylococcus aureus has been obtamed which 
grows more slowly than the sensitive, parent culture This resistant variant 
has lost the abihty to grow anaerobically Strams of Streptococcus faecahs, 
Streptococcus mastihdis, and Clostridium welchii when treated m a similar manner 
failed to develop sigmficant resistance to pemcilhn From these data it i3 
suggested that organisms that depend upon anaerobic processes for their energy 
supply will not develop appreciable resistance to pemciJlm 
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Since Fleming’s discovery of penicillin many studies have been undertaken to 
determine its mode of action The result has been a plethora of dialectic specula- 
tion and a paucity of facts Pemcillin is primarily effective against gram- 
positive bacteria Cham and Duthie (1945) observed that pemcillin inhibits 
the respiration of young growmg staphylococci, whereas the respiration of resting 
cells IS unimpaired ICrampitz and Werkman (1947) reported that penicillm 
inhibits the endogenous oxygen uptake and the oxidation of ribonucleotides, 
whereas the oxidation of glucose was ummpaired Gale and Taylor (1946) 
found that penicillin prevents the assimilation of glutamic acid by staphylococci 
This loss precedes the loss of respiration and lysis and appears to be comcident 
with the loss of viability 

The great amount of time, energy, and money spent on the study of the 
mechamsm of penicillin action indicates the general agreement that more in- 
telligent penicillin therapy as well as a more logical approach to the synthesis of 
penicillmlike compounds could result from a more complete knowledge of the 
mode of action The authors have chosen to study the problem by a comparison 
of the properties of penicillin-resistant variants with those of the parent sensitive 
culture IHimek et al (1948) reported the development of a variant of Staphy- 
lococcus aureus which was 60,000 times more resistant to penicilhn than was the 
parent culture The resistant variant was found to be gram-negative The 
authors found that this variant had lost the abihty to grow anaerobically This 
paper reports further studies of the properties of the penicillm-resistant variant 
which indicate a progressive loss of fermentative activity, the gain of the abihty 
to synthesize mcotinic acid, the production of an extracellular pemcilhnase, and 
a method for reversmg the peniciUm-resistant gram-negative variant to a gram- 
positive coccus 


MATERIAL AND METHODS 

The cultures used throughout these experiments were Staphylococcus aureus 
FDA 209P (American Type Culture Collection 6538P), pemciUin-resistant 
variants of S aureus 209P developed by IQimek et al (1948), and Escherichia 
coll 4157 and Bacillus subtilis Sa from the Laboratory of Bacteriology at Cornell 
University Crystallme sodium penicilhn G and the usual bactenological 
techniques were employed The increased resistance to pemcillm of vanants 
of S aureus 209P is mdicated m parentheses after the number of the vanant, 
e g , P 28 (250 X) 
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CARBOHYDRATE FERMENTATION 

The production of acid from certam carbohydrates has been considered one of 
the most constant physiological characteristics of staphylococci Chapman 
(1946) and Blair (1938) reported that the most rehable of these carbohydrates 
are glucose, sucrose, lactose, maltose, and manmtol 
Fermentation tests "were run from time to time on certam resistant "variants 
Ongmally phenol red broth was used as the base for the determmation of acid 
production from carbohydrates, but when it was found (Bellamy and Iflimek, 
1948) that the more resistant "variants grew only aerobically, phenol red agar 
base was used Table 1 illustrates the results of acid production m phenol red 
broth The observations were comphcated by the slower rate of growth of the 
resistant variants, in some instances a week or more was required for the produc- 
tion of a visible acid reaction 


TABLE 1 


Fermentation by pemcilhn-resistant variants of S aureus 209 using phenol red broth 


VARIANT 

GLUCOSE 

SUCSOSE 

LACTOSE 

GALACTOSE 

MALTOSE 

ilANNITOt 

209* 

1 

+ 


"h 

+ 

+ 

+ 

Pj8 (250 X) 

-1- 



+ 

- 

+ 

Pj, (1,080 X) 

-f- 


1 

+ 

- 

sl 

Pm (10,000 X) 

sl 


sl 

' — 

— 

! “ 


* All cultures were derived from the original pemcillin-sensitive S aureus 209P 
Pa where a — number of subcultures in increasing concentrations of penicillin 
Pb Tb where b = number of transfers at the highest concentrat on of pemcillin 
Pa Tb Rc where c = number of transfers in the absence of pemcillin, i e , the reversal 
transfers 

Table 2 presents the results obtamed "with phenol red agar Although reduc- 
tion of mtrates and growth m 6 5 per cent sodium chloride are not fermentation 
reactions, they are included m this table because of their frequent use as bio- 
chemical characteristics of S aureus (Chapman, 1945) 

Increase m resistance was accompanied by a progressive loss m physiological 
functions Of the properties listed only the production of acid from glucose 
remamed 


NUTRITIONAL REQUIREMENTS 

The nutntional reqmrements of S aureus have been mvestigated by Fildes 
and Richardson (1937), Gladstone (1937), and Bnight (1937) A mercapto group 
( — SH), either actual or potential, is necessary as a sulfur source Nicotinic 
acid or mcotmamide and thiamme are the only growth factors required Freshly 
isolated strains require several ammo acids for growth, but training after the 
manner of Kmght (1936) "will produce strams capable of utilizing ammonia as 
the sole source of mtrogen 

Table 3 presents the results of a typical experiment on the comparison ot tne 
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growth factor requirement of the parent stram with that of the highly resistant 
variant PcoTss (60,000 X) 


TABLE 2 


Fcrmenlalton by pcmcillin-rcsialant variants of S aureus 809P using phenol red agar 


VAiLcrr 

GLUCOSE 

SUCftOSE 

LACTOSE 

UANNITOL 

NITHATE 

SEDUCTION 

6 5% NaCl 

200P* 

4" 

+ 


+ 

+ 

+ 

P«T* (1,000 X) 

+ 


+ 

+ 

4* 

— 

Pi* (4,000 X) * 


— 

4“ 

— 

4“ 

— 

PtoTii (60,000 X) 1 

+ 

- 

— 

- 

— 

- 

PnT* (60,000 X) 


- 

- 

— 

- 

— 

PmTmBji (60,000 X) 

+ 

- 

- 

- 

- 

— 

PijTjE* (60,000 X) 

-h 

— 

“ i 

1 

— 

— 


* See table 1 


TABLE 3 


The effect of nicotinic acid and thiamine on the growth of variants of S aureus 209P 


BASE UEOniU* ! 

10 la 

■nnAioNE 1 

100,16 

NICOTINIC ACID 

100 ftS 

GSOWTBt 

48 BOOKS 

209P + 

+ 

+ 

0 127 

+ 

4* 

+ 1 

0 127 

+ 

+ 

- 

0 051 

+ 

4" 

_ 

0 051 

+ 

— 

+ ! 

0 030 

+ 

- 

+ 1 

0 022 

+ 

- 

- 

0 017 

+ 1 

— 

— 

0 013 

PmTij + 

4* 

+ 

0 269 

+ 

+ 

4" 

0 236 

+ 

4" 

— 

0 242 

+ ! 

4“ 

— 

0 242 

+ 

— 

+ 

0 022 

+ 

- 

+ 

0 022 

+ 

— 


0 045 

4” 

— 


0 058 


* Base 25 ml 10% vitamin free actd-hydrolyzed casein, 5 ml “salts B,” 7 ml ii/2 KjHPOi, 
200 mg cystine, water to 1,000 ml 

“Salts B” MgSO* 7HaO, 10 g, NaCl, 0 5 g, FeSO* 7H20, 0 5 g, MnSOi IHjO, 0 5 g. 
water, 250 ml 

t Density as determined by Evelyn colorimeter X = 660 mji 

The growth of PgoTss m the absence of nicotinamide was wholly unexpected, 
but this observation has been confirmed several times Smee PeoTas grew m 
the absence of nicotimc acid, there remained the possibihty of synthesis of 
mcotmamide by this variant The question was settled by assaying the medium 
after growth The mcotmic-acid-free medium used for the growth of the 
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cultures is the base medium described m the footnote to table 4 PemciUm- 
resistant P60T42 was grown aerobically in the medium at 37 C for 48 hours 
Twenty ml of these cells and medium were autoclaved for 15 mmutes at 15 
pounds’ pressure with 1 ml of 2 5 n sodium hydroxide After neutralization 
ahquots were removed for assay Table 4 represents the growth of parent 
pemcillm-sensitive S aureus 209 using the foregoing source of mcotinic acid 
The growth was estimated by titration of the acid formed It is apparent that 

TABLE 4 


Growth of S aureus 209P using PtaTa as the source of nicotinamide 


SOURCE op N A 

CKOWTH (acid PSOIECnOV) 

Base medium* 

ml u/10Na03 

0 0 

e( u 

0 0 

“ “ -f NA 100 tig 

3 6 

It it ft it 

2 5 

“ “ + P.oT« 

4 7 

tt it tt tt 

4 2 


* Base medium glucose, 0 5%, ammomum chloride, 0 2%, “salts B,” 0 2%, m/2 KjHPOo 
0 7%, m/2 KHjPOi , 0 2% After autoclaving the following were added aseptically 
thioglycolate, 0 01%, argimne, 0 01%, glycine, 0 01%, glutamic acid, 0 01%, uracil, 0 01%, 
thiamine, 1 mg % 

TABLE 5 


Nicotinic acid assay of medium after growth, using L arabinosus 




SOURCE OP N A 

H A APTER CROWnr 


Base medium* 
{( (( 


liglml 

0 008 

0 008 


it 

tt 

-1- NAlOO^g 

too great to determine 


tt 

tt 

it tt 

tt tt ft ft 


tt 

tt 

-P B subtilis Ss 

0 372 


tt 

it 

tt it 

0 466 


it 

it 

+ E coh 4157 

0 058 


tt 

tt 

tt tt tt 

0 052 


(( 

it 

4- S aureus PsoT« 

0 382 


tt 

tt 

It It It 

0 372 



* Base medium same as in table 4 


P60T42 has supphed sufficient mcotimc acid for optimum growth A quantita- 
tive assay for mcotimc acid was run usmg the Lactobacillus arabinosus method 
of U S P XIII (1947) Escherichia coli 4157 and Bacillus suhlilis Ss, two organ- 
isms known to synthesize mcotmic acid, were mcluded m the experiment for 
comparison (table 5) 

It can be seen that, under the foregomg conditions, PmT« synthesized as 
much mcotmamide as did P subiilis Sg and several times as much as did E colt 
4157 
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PENICILLINASE 

Many strains of Slaphijlococcus aureus produce penicillinase (Bondi and 
Dietz, 1945), but S aureus 209P does not Luna (1947), Spink and Ferns 
(1947), and others have reported that the penicilhnase produced by staphy- 
lococci was intracellular and could not be obtained cell-free 
All attempts to demonstrate an active penicillmase m cells of intermediate 
resistance were unsuccessful The following experiments are representative of 
attempts to demonstrate penicillmase activity of mtermediate variants Pas 
(1,000 X) was grown m quantity and extracted after the manner of Benedict 
et al (1945), but no penicillmase activity was obtained A sterile filtrate of 
P 36 (1,350 ^^) contained no demonstrable penicillmase The cells of Pso (12,500 
X) harvested from one hter of broth contaimng 1 mg of pemcilhn per ml were 
suspended withm a collodion sac m sterile broth contammg 10 pg pemcilhn per 
ml No loss of pemcilhn could be demonstrated m the surroundmg broth 


TABLE 6 

Penicillinase production by PtaTa as indicated by the growth of £09P in the presence 

of 20 pg per ml of penicillin 


UO PEB UL PEKICTLT.m IK GROWTII UXDIUlt OpTll Tu 

ML OP IILTBAIE ADDED 10 10 Ml BSOIH* 

0 

0 01 

0 1 

10 

0 

0 

0 

0 

0 

0 2 

0 

0 

0 

-f-f 

4 0 

0 

0 

-f-f-f-t- 

++++ 


* Sterile filtrate from cultures of P(oT« grown in the presence of indicated amounts of 
pemcilhn 


It was observed that the filtrate from a 4-day culture of PeoT« grown in 
nutnent broth plus 4 mg per ml of pemcilhn contained no demonstrable penic illin 
This filtrate was found to contain an active pemcilhnase Further experiments 
mdicated that no pemcillmase was produced m the absence of added pemciUm, 
but an active pemcillmase was produced m its presence Table 6 presents the 
results of these experiments Cultures were grown m nutnent broth for 5 days 
at 26 C and then filtered through glass The culture filtrate was added in 
vaiymg amounts to 10 ml of broth contammg 200 pg pemcilhn Destruction 
of the pemcilhn was determmed by the growth of S aureus 209P 


MORPHOLOGY 

The morphological changes accompanymg mduced resistance to penic illin 
have been studied rather extensively Smce Gardner (1940) observed that 
exposure to pemciUm was accompamed by swellmg of the bactenal cells, many 
authors (e g , Fisher, 1946) have confirmed and extended his observations 
Klimek et al (1948) have shown that recently denved resistant vanants of S 
aureus 209P are larger than the parent culture and are gram-positive When 













158 


"W DEXTER BELLAMY AND JOHN W KLIMEK 


[VOL 55 


the resistance became equal to 12,500 X, however, the cells were found to be 
smaller gram-negative pleomorphic cocci and bacilh Reversal to the original 
gram-positive character was obtamed by transferrmg to a pemciUm-free medium 
It was later found that 24 serial transfers at a penicilhn concentration greater 
than 1 mg per ml produced a variant that retamed its gram-negative character 
as well as its resistance to pemcilhn Fifty-four serial transfers m broth without 
penicilhn have failed to reverse the gram stam or to decrease the penicillin 
resistance 

A transfer of P 60 T 34 was sent to E F Gale to be mcluded m his study of the 
relationship between ammo acid assimilation and drug sensitivity (Gale and 
Taylor, 1946, Gale, 1947a, Gale and Taylor, 1947, Taylor, 1947) Gale has 
reported (19476) that growth through two serial transfers m a deficient medium 
will reverse the gram stam from negative to positive His deficient medium was 


TABLE 7 

Serial transfer for reversal of the gram stain (PtoTn) 


UEDIUM 


C&AM STASf 


Nutrient broth + 4 nag ml pemcillm 

i 

Sufficient broth* 

i 


Deficient brothf 


i 

Deficient broth 

i 


Nutrient agar 


Gm— , short rods and cocci 

Gm— , short rods and cocci 

Gm— , large cocci 
Gm-h, diplococci 
Gm-1-, diplococci 
Gm— , large cocci (few) 
Gm-1-, staphylococci 


* Sufficient broth, 1% yeast extract, 1% “N-Z case,” 0 5% K3HPO4 , 0 1% glucose 
t Deficient broth, 0 05% yeast extract, 0 5% glucose, 0 5% K3HFO4 , 1 mg% Bi , 1 nig% 
mcotimc acid 


of the foUowmg composition “0 1% hydrolysed marmite, Stephenson’s salt 
mixture, glucose, and growth factors ” 

We have found that the series of transfers indicated m table 7 will produce a 
striking reversal of the gram stam, as well as a return to the ongmal staphy- 
lococcal forms and groupings, and a loss of most of the resistance to pemcillm 
Further studies are m progress to detenmne other properties of the reverted 
variants 


DISCUSSION 

It IS redundant to say that an aerobic, gram-negative rod that ferments only 
glucose, synthesizes mcotmic acid, and produces extracellular penicillinase 
would not be classified as a Staphylococcus Whether such extreme changes are 
the result of either mutation as descnbed by Demerec (1945) and Luna (1947), 
or of adaptation after the manner of Hinshelwood (1946), cannot be settled at 
this tune However, smce adaptive functions are readily lost, the persistence 
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of penicillin resistance, after the removal of peniciUm from the medium, could 
be interpreted as favormg the explanation that mutation has occurred In a 
like manner the gam of ability to synthesize nicotmic acid, while growmg m a 
medium containing sufficient nicotinic acid, and the persistence of this abihty 
after the removal of penicillm cannot be interpreted as adaptation m the usual 
sense Demerec (1945) considers that penicillin does not mfluence the rate of 
mutation but merely acts as a selective agent by preventmg the growth of the 
more sensitive cells The fact that cells of any desired resistance are not ob- 
tamed by smgle transfers of a large inoculum is explamed by postulatmg suc- 
cessive mutations from moderately resistant cells One could explain the absence 
of nicotinic acid synthesizers m a normal culture of S aureus by the same 
reasonmg, namely, that only peniciUm-resistant cells are able to mutate to 
mcotimc acid producers It seems more plausible, however, to assume that 
penicillin influences the rate of mutation as do X-rays and certam sulfhydryl 
reagents (Auerbach et al , 1947) At this tune one can only speculate as to 
whether the return to the ongmal Staphylococcus charactenstics, upon growth 
m a medium deficient m ammo acids and most growth factors, is the result of 
adaptation, spontaneous mutation, or mduced mutation Irrespective of 
genetic implications, however, the complete change m morphology and phys- 
iology brought about by mduced resistance to peniciHm, and its reversal by 
growth m a deficient medium, offers an excellent opportumty to study the mode 
of action of pemcillm 


SUMMARY 

Vanants of Staphylococcus aureus resistant to 1 to 4 mg of penicillm per ml 
retam this resistance after 60 serial transfers m the presence of these concentra- 
tions of pemcillm Fifty-four subsequent serial transfers through broth m the 
absence of pemcillm did not decrease the resistance The vanant has lost the 
abihty to produce acid from lactose, sucrose, maltose, manmtol, and galactose 
It will not grow m the presence of 6 5 per cent sodium chloride nor will it reduce 
mtrates It has gamed the abihty to synthesize enough mcotmic acid for growth 
It produces an extracellular penicillmase when grown m the presence of 
pemcilhn 

Senal transfers through a medium consistmg of glucose, salts, mcotimc acid, 
thiamme, and 0 05 per cent yeast extract wall cause a reversion from gram- 
negative rods to the original gram-positive staphylococcus forms The reverted 
staphylococci have lost most of their resistance to pemcillm 

REFERENCES 

Auerbach, C , Robsox, J M , and Carr, J G 19-17 The chemical production of muta- 
tions Science, lOB, 243-247 

Bellamy, W D , and Klimek, J W 1948 The relation between induced resistance to 
pemcillm and oxygen utdization J Bact , 55, 147-151 
Benedict, R G , Schmidt, W H , Coghill, R D 1945 PemciUm. VII PemciUinase 
Arch Biochem , 8, 377-384 

Blair, J E 1938 The stability of biological and biochemical properties of staphylococci 
J Bact , 35, 52 



160 W DEXTER BELIiAlIY AND JOHN W KLIMEK [VOL 55 

Bondi, A , Jk , and Dietz, C C 1945 Pemeillm resistant staphylococci Proc Soc 
Exptl Biol Med , 60, 55-58 

Chain, E , and Duthie, E S 1945 Bactericidal and bacteriolytic action of penicillin on 
the staphylococcus Lancet, 248, 652-657 

Chapman, G H 1945 Significance of sodium chloride in studies of staphylococci J 
Bact , 50, 201-203 

Chapman, G H 1946 The staphylococci Trans N Y Acad Sci , 9, 52-55 
Dembrec, M 1945 Production of staphylococcus strains resistant to various concentre 
tions of pemeillm Proc Natl Acad Sei U 8,31,16-24 
PiLDEs, P , and Richardson, G M 1937 The nutrition of Staphylococcus aureus sulphur 
requirements Brit J Exptl Path , 18, 292-303 
Gale, B F 1947o The assimilation of amino acids by bacteria I The passage of 
certain amino-acids across the cell wall and their concentration in the internal en 
vironment of Streptococcus /aecahs J Gen Microbiol , 1, 53-76 
Gale, E F 19476 Personal communication 

Gale, E F , and Taylor, E S 1946 Action of pemeillm m preventing the assimilation of 
glutamic acid by Stapliylococciia aureus Nature, IBS, 676 
Gale, E F , and Taylor, E S 1947 The assimilation of ammo-acids by bacteria 
II The action of tyrocidm and some detergent substances m releasing amino acids 
from the internal environment of Streptococcus faecalis J Gen Microbiol , 1, 76-84 
Gladstone, G P 1937 The nutrition of Staphylococcus aureus, mtrogen requirements 
Brit J Exptl Path , 18, 322-333 

Klimek, j W , Cavallito, C J , and Bailey, J H 1948 Induced resistance of Staphylo 
coccus aureus to various antibiotics J Bact , 65, 139-146 
Knight, B C J G 1936 Bacterial nutrition Med Research Council (Bnt ), Special 
Rept Series, No 210 

Knight, B C J G 1937 The nutrition of Staphylococcus aureus, nicotimo acid and 
vitamin Bi Biochem J , 31, 731 

Krampitz, L O , AND Wbrkman, C H 1947 On the mode of action of pemeillm Arch 
Biochem , 12, 57-67 

Luria, S E 1947 Recent advances m bacterial genetics Bact Revs , 11, 1-40 
Spink, W W , and Ferris, V 1947 Pemeillm resistant staphylococci mechamsms in- 
volved m the development of resistance J Clin Investigation, 26, 379-393 
Taylor, E S 1947 The assimilation of ammo-acids by bacteria III Concentration of 
free ammo-acids m the internal environment of various bacteria and yeasts J Gen 
Microbiol , 1, 86-90 

IT S P XIII 1947 Nicotmic acid or mcotmamide assay Refer to p 669-671 



AMINO ACID METABOLISM OF PENICILLIN-RESISTANT 
STAPHYLOCOCCI 

E F GALE AND A W RODVVELL 

Medical Rcacarch Council Unit for Chemical Microbiology, Biochemical Laboratory, 

Cambridge, England 

Received for publication October 4, 1947 

Studies on the assimilation of ammo acids by bactena have shown that the 
gram-positive cocci are able to assimilate certain ammo acids and concentrate 
them m the free state m the internal environment prior to metabolism (Gale, 
1947a, b, Taylor, 1947) The addition of penicillin to growing cultures of 
Staphylococcus aureus produces a progressive impairment of the ability of the 
cells to assimilate glutamic acid (Gale and Taylor, 1947), and as the culture is 
trained to grow in increasing concentrations of penicillin, it is found that its 
assimilation affinity toward glutamic acid steadily decreases (Gale, 1947c) 
These results suggest that, when growing m very high concentrations of peni- 
cillin, the organism adopts a different form of amino acid metabolism 
While these studies were in progress Bellamy and IGimek (1947) reported that 
a strain of S aureus had been trained so as to increase its normal penicilhn 
resistance by a factor of 60,000 and that the resistant variant had changed 
certain of its characteristics, becoming, among other things, a strict aerobe 
At this time we had trained our S aureus 6773 to grow m 2,000 units of penicillin 
per ml of medium, and at this level the culture appeared normal in colony form 
and staining characteristics Following the report of Bellamy and lOimek 
(1947) we continued to increase the resistance of our organism and, at the 
level of 6,000 units of penicillin per ml, succeeded m isolating an organism similar 
to that described by these authors We then entered into an arrangement with 
Dr Bellamy to study the ammo acid metabolism of the resistant organisms, 
and our findings are reported in this communication The resistant organisms 
do not differ markedly from the sensitive parent strains m their ability to ca- 
tabolize amino acids, but have, on the other hand, the ability to synthesize all 
their amino acid requirements for growth The details of other properties of 
the organisms are published m the previous papers (Bellamy and lOimek, 
1948a,6 , Klimek et al , 1948) 


OnaANISMS USED 

Staphylococcus aureus 209 stock strain from the American T 3 ipe Culture 
Collection, forwarded to us by Dr Bellamy 

Organism 209 (PeoTss) resistant organism derived from S aureus 209 by 
senal subcultivation m mcreasing concentrations of penicillin, isolated by 
Bellamy and Klimek (1947) 

Staphylococcus aureus 6773 strain isolated from nasal swab by Dr B Topley 
and used by us for assimilation studies (Gale, 1947&) 
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Staphylococcus aureus 6773 ( 2000 ) strain derived from S aureus 6773 by 
serial subcultivation in mcreasmg concentrations of pemcillm per ml of medium 
Orgamsm 6773 (FT) orgamsm derived from S aureus 6773 ( 2000 ) by sub- 
cultivation first m 4,000 units of pemcillin per ml and then m 6,000 umts per 
ml 

The strains of S aureus 209, 6773, and 6773 (2000) are normal organisms of 
this species and are resistant to 0 08, 15, and 2,000 umts of pemcillm per ml, 
respectively Organisms 209(P6aT36) and 6773 (PT) are gram-negative, pleo- 
morphic, and strict aerobes (Bellamy and Klimek, 1948a, h) 


BREAKDOWN OP -UnNO ACIDS 

Methods The orgamsms were grown on the surface of casein digest agar for 
20 hours at 37 C, washed off the agar with distilled water, centrifuged down, 
washed once, and made up mto suspension m distilled water The dry weight 
of the cell suspensions was determined turbidunetncally m a Hilger absorpti- 
ometer previously cahbrated against known suspensions of the organisms con- 
cerned 


The oxidation of ammo acids was followed m Warburg manometers shaken 
m a thermostat at 37 C, the cups contamed 1 0 ml washed suspension and 1 5 
ml m/5 phosphate buffer pH 7 0m the mam cup, 0 5 ml m/10 ammo acid solution 
at pH 7 0m the side bulb, and 0 2 ml 10 per cent NaOH m the center cup 
Rates of oxidation were studied over a penod of 1 hour after the addition of the 
substrate, and activities are expressed as Qo, = ^1 O 2 uptake per hr per mg dry 
weight of cells 

Ammoma formation was determmed on the contents of the manometer cups 
at known mtervals Two ml of the cup contents were removed and made 
alkalme with saturated K 2 CO 3 , and the ammoma was distilled into acid in 
Conway vessels The ammonia was estimated by the addition of Nessler’s 
reagent followed by estimation in a photoelectnc colonmeter Results are 
expressed as Qvhj = /'I NH 3 liberated per hr per mg dry weight of cells Values 
for oxidation and ammonia production are corrected for blanks without amino 


Experimental results The results obtained are summarized m table 1 In 
general there are no marked differences between the activities of the organisms 
from the parent penicillm-sensitive cultures and of those from the resistant 
cultures In some cases, e g , glycine, senne, prohne, and glutamic acid, the 
rates of attack by the resistant organisms are sigmficantly lower than by the 
parent strains, and this can perhaps be correlated wth the finding that the 
resistant organisms grow more slowly than the parent strains (Bellamy and 
Edimek, 1947) In other cases, e g , argmme and ysine, the resistant organisms 
have a significantly higher rate of attack than do the parent strains The 
rates are low m aU cases, with the exception of glycine, and the values are 
m general agreement with those found by Hills (1942) for a variety of Slap^J- 
lococcus The only case m which the rate of deamination is significantly higher 
t.bnTi the rate of oxidation is that of argmme, for all four organisms an anaerobic 
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deamination with liberation of COj can be demonstrated m addition to the 
o\idativo breakdown, and it is probable that the greater ammonia formation is 
due to the action of arginine dchydrolase (Hills, 1942) 

There was no anaerobic deamination of serine or aspartic acid with organism 
209 (PsoTjs), and no ammo acid decarboxylases eould be found when washed 
suspensions were tested under the normal conditions for such enzymes (Gale, 
1946) 


TABLE 1 

Imiiio acid oxidation by staphylococci 


OSCAKISU 

6773 

6773 (PT) 

209 

20 ? (PuTu) 

Qo, 

Qnh, 

Qo, 

Qnh, 

Qo, 

Qnh, 

Qo, 

Qnh, 

Glycine 

23 5 

26 5 

n 

5 

41 

30 


7 

i-\Iamno 

9 

12 5 


6 

14 

9 6 


8 

Z-Glutamate 

5 

5 

■■ 

0 

9 

8 


0 

Glutamine 

9 

9 

2 

1 

6 

6 

3 

4 

1 \spartate 

3 

6 

5 

0 

— 

— 

6 

2 

Z-Arginine 

1 

7 

7 

12 

1 

7 

6 

16 

Serine 

6 

19 

9 

9 

27 

20 

9 

7 

Z-Lysine 

1 

3 

8 

4 

1 

0 

13 

7 

Z-Proline 

8 5 

6 

6 

3 

14 

— 

4 

2 

Valine 

Z-Leucine 

l-Pbeni lalamne 

Z-Tyrosine 

f-Histidine 

Z-Tryptophane 

(Blank) 

22 

1 

17 


18 


0 

7 

0 

(Glucose) 

19 

— 

8 

— 

54 

— 

34 

— 


Organisms grown on the surface of casein digest agar for 20 hours at 37 C 
Activities expressed as Qo. = /tl Oj uptake per hr per mg dry weight of cells at pH 7 0 
and 37 C, Q^nj = 1^1 NHi liberated per hr per mg dry weight of cells at pH 7 0 and 37 C 


ASSIMILATION OP GLUTAMIC ACID 

Methods The assimilation of glutamic acid by suspensions of the cells grown 
m “de6cient” media was studied by the methods previously descnbed (Gale, 
1947a, c) 

Experimental results Table 2 shows the final equilibrium concentration of 
free glutamic acid attained within 100 mg dry weight of cells when these have 
been suspended m a solution of glutanuc acid (200 /il per ml), glucose (1 per cent), 
and crystal violet (1 Mg per mg cells) The addition of crystal violet inhibits 
internal metabohsm of the ammo acid (Gale and Mitchell, 1947) so that the 
level of free glutamic acid measured withm the cell is a measure of assimilation 
without comphcation owing to metabohsm The gram-positive cells show the 
usual high concentration of free glutamic acid withm the mtemal environment 
(Taylor, 1947), but no free glutamic acid can be demonstrated m the mtemal 
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enyironment of either of the resistant gram-negative organisms These results 
thus conform to the findmg of Taylor (1947) that only gram-positive bacteria 
are able to effect an internal concentration of free ammo acids It has been 
shovm previously (Gale, 1947c) that the assimilation affinity (= reciprocal of 
assimilation constant) of the cells toward glutamic acid decreases as their re- 
sistance to penicillin increases The assimilation constants of S aureus 209, 
6773, and 6773(2000) are 2, 12, and 50, respectively, expressed m ;ul of glutamic 
acid per ml of external medium (Gale, 1947c) Since no free internal glutamic 
acid can be measured m 209 (PmTss) and 6773(PT), it is not possible to deter- 
mme their assimilation affinities 


TABLE 2 


Assimilation and internal concentration o/ free glutamic acid 



INTERKAL CONCXNIRATIOH 
CLUTAUIC ACID P£S 100 

UO OP CELLS 

S aureus 209 

561 

Organism 209 (PaoT,j) 

0 

S aureus 6773 

825 

S aureus 6773 (2000) 

705 

Orgamsm 6773 (PT) 

0 


Cells are grown in salt mixture -1-01% marmite -f 1% glucose for 6 hours at 37 C, made 
up into washed suspension, and incubated for 1 hour at strength 1 mg per ml in buffered salt 
solution -f glutamic acid (200 nl per ml) -p glucose (1%) -p crystal violet (1 ng per ml), 
and the internal level of free glutamic acid is determined (Gale, 1947h) 

SYNTHESIS OP AMINO ACIDS 

Methods The growth requirements of the orgamsms were studied using the 
salt mixture, growth factors, and ammo acids shoivn to be necessary for Staphy- 
lococcus aureus by Gladstone (1937), all nutrients were used in the concentra- 
tions recommended and sterihzed by the methods adopted by Gladstone To 
prepare the inoculum of each organism, the growth from 24-hour cultures on 
casein digest agar was washed off with sterile distilled water and the suspension 
standardized to approximately 2 X 10® organisms per ml by comparison with 
opacity tubes, one drop of this suspension was then used as standard inoculum 
for 10 ml of medium When satisfactory growth was obtained in a complete 
synethetic medium, the culture was then inoculated into this medium, from 
which each ammo acid and groivth factor was omitted in turn In this way, 
those ammo acids and growth factors essential for growth in the otherwise 
complete medium were determined In those cases in which growth did not 
take place the tubes were left for a period up to 163 hours at 37 C in order to 
determine whether adaptation by training would occur 

Experimental results Table 3 shows the effect of omitting ammo acids and 
growth factors one at a time from the complete medium for each of the five 
organisms With the exception of S aureus 209, which requires 40 hours, all 
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organisms grew within 24 hours m the complete medium containing all the ammo 
acids, nicotinamide, and thiamine Omission of the ammo acids one at a time 
had no effect on the growth of the two resistant orgamsms, and they were sub- 
sequently found to give maximal growth after some lag m a medium consisting 
of salts, ammonium sulfate, glucose, cystine, and thiamine, and to give delayed 
and submaximal growth m the same medium without cystine The power of the 
organism 209(P6oT3o) to synthesize nicotinamide has been noted also by Bellamy 


TABLE 3 

NulriUonal requirements 0/ staphylococci 


ORGANISM ^ 

6773 

6773 (2000) 

6773 (PT) 

209 

209 (PioTu) 

Nicotinamide 

+ 

+ 

— 

+ 

— 

Thiamine 

4“ 

+ 

+ 

4" 

+ 

Prolme 

(88) 

(88) 

- 

+ 

— 

Histidine 

4“ 

+ 

1 — 

+ 

— 

Valine 

4“ 

+ 

— 

-t- 

— 

Glycine 

+ 

(88) 

- 

+ 

- 

Aspartate 

4" 

(64) 

- 

+ 

- 

Leucine 

(40) 

(40) 

— 

+ 

— 

Cystine 

4_ 

4~ 

- 

4- 

- 

Glutamate 

(40) 

— 


— 

— 

Phenylalanme 

(40) 

(64) 


- 

- 

Argimne 

'' -b 

•+• 

— 

— 

— 

1 Growth in complete 






medium in 

24 hr 

24 hr 

24 hr 

40 hr 

24 hr 

2 Growth in salts, am- 
momum sulfate, 

glucose, growth 

factors, and cystine 

ml 

ml 

64 hr 

ml 

64 hr 

3 Growth in medium 2 
less cystine ' 

I ml 

1 ml 

88 hr 

1 

ml 

88 hr 


-4- = presence essential for growth in same time as in complete medium 
— = presence not essential for growth in same time as in complete medium 
(88) = in absence of amino acid growth equal to that in complete medium occurs in 
88 hours 

All media contain salt mixture, ammonium sulfate, and glucose as in Gladstone (1937) 
Incubation is at 37 C All amino acids are added as the natural isomers with the exception 
of valine, which was used in the racemic form 

and Klimek (1948o,b) Both parent strains require a range of ammo acids for 
growth, with stram 6773 the omission of any of 10 ammo acids, and with stram 
209 the omission of any of 7 ammo acids, from the complete medium resulted m 
delayed or complete absence of growth withm the experimental period Stram 
6773 IS able to adapt to the synthesis of glutamic acid, phenylalanme, and leucine 
m 40 hours and to prolme m 88 hours The stram 6773(2000) occupies an mter- 
estmg position mtermediate between that of 6773 and that of the resistant non- 
exactmg 6773 (PT) it is able to adapt to the omission of glycine m 88 hours and 
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of aspartic acid in 64 hours, whereas the parent strain 6773 is unable to grou m 
the absence of either of these amino acids Tvithin the longest experimental 
penod used of 163 hours, also, 6773(PT) is nonexactmg toward glutamic acid, 
but the parent strain will not grow in the absence of this ammo acid until adapta- 
tion has occurred after a lapse of 40 hours 


DISCUSSION 

The abihty to concentrate ammo acids m the free state in the internal environ 
ment is a property specific to gram-positive bacteria (Taylor, 1947), and many 
of these orgamsms have lost the power to s 5 mthesize certain of their ammo acid 
requirements It may be that this power of internal concentration is a mech- 
amsm evolved in compensation for the loss of synthetic ability It has previously 
been shown that the action of penicillin is to impair the assimilatory process 
toward glutamic acid (Gale and Taylor, 1947) and that training to increased 
pemciUm resistance is accompanied by decreasmg ability to assimilate glutamic 
acid (Gale, 1947c) At the higher levels of penicilhn resistance the assimilation 
affinity toward glutamic acid decreases very rapidly, and it is at these high 
levels that we find the marked alteration m properties of the cultures described 
here and m the previous papers 

Demerec (1945) has shown that pemcilhn traimng consists of the selection of 
resistant mutants TVithin the culture Pemcilhn impairs the ability of gram- 
positive cells to assinulate certain free amino acids, and it would appear that 
the trainmg process results in the selection of mutants that are less dependent 
on the assimilation process until, eventually, all organisms are suppressed except 
those that grow by s3mthesis mstead of by assimilation of ammo acids The 
resistant orgamsms descnbed here have the power to synthesize all their ammo 
acid reqmrements, which suggests that the effect of penicillin m suppressing 
the assimilation of glutamic acid is symptomatic of changes m the general 
assimilatory properties of the cells The fact that these cells, which can syn- 
thesize but not concentrate ammo acids, are gram-negative again suggests that 
the abihty to concentrate free ammo acids in the internal environment is asso- 
ciated Tvith the presence of the gram complex in the cell wall 

SUMMART 

The ammo acid metabohsm of two orgamsms rendered resistant to high levels 
of pemcilhn has been compared with that of the penicillm-sensitive parent 
strains {Staphylococcus aureus) The resistant organisms do not differ markedly 
from the parent strains m their abihty to oxidize ammo acids, but they do differ 
m that they have no power to concentrate free glutamic acid m the internal 
environment and are able to synthesize all their ammo acid requirements from 
ammoma and glucose m the presence of thiamme 
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Very little is as yet known about the factors in blood serum necessary for the 
sustained growth of parasitic protozoa Preceding publications from this 
laboratory (Spnnce and Kupferberg, 19470,6) have shown that the parasitic 
protozoan, Trichomonas vaginalis, could be conveniently used m a suitable basal 
medium as an assay organism for such factors A procedure for the ether 
separation of human serum into an ether-soluble fraction and an ether-insoluble 
residue both essential for the sustamed growth of the orgamsm was presented 

Although successful fractionations could be accomplished, the method was 
not without some inherent shortcommgs (Spnnce and Kupferberg, 19476) 
In attemptmg to inaugurate a program of routme fractionations, frequently the 
degree of completeness of the separation was questionable as manifest by residual 
growth m the ether-insoluble phase per se through several senal transfers, m 
other cases, fractionation attempts resulted m third layer formation (protem 
precipitation) and subsequent extracts that could not be made to pass through a 
bacteria-retaimng stenle filter 

The earher observations of Hardy and Gardmer (1910) and McFarlane (1942) 
suggested to us that nunute differences m the alcohol content of the ether em- 
ployed had a marked effect on the completeness of separation and filterabihty 
of the fractions obtained Extraction experiments with vanous grades of ether 
venfied this Thus, use of ethyl ether U S P no 10 (Merck) contaimng 3 5 per 
cent alcohol resulted m fractions with third layer formation (protem precipita- 
tion) Absolute ethyl ether (Merck) contaimng 0 1 per cent or less of alcohoP 
yielded reasonably filterable active fractions, although frequently the separation 
was not complete In view of these peculiar diflaculties and the repeated ob- 
servations that alcohol-ether mixtures must be utihzed for the complete extrac- 
tion of lipids from serum (Hardy and Gardmer, 1910, McFarlane, 1942, Hewitt, 
1927, Horsfall and Goodner, 1935, Cappo, 1941), it was felt that an improved 
method of fractionation was m order 

In the work now presented such a method is desenbed m detail, and further 
steps m the isolation of the active matenals are outhned 

1 This grade of alcohol was used m work desenbed in our previous publications (Spnnce 
and Kupferberg, 1947o,6) 
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EXPERIMENTAL PROCEDURES 

The principle upon which this procedure was based was one of controlling the 
proportions of alcohol and ether used during the fractionation process so that a 
maximum extraction of serum hpids could be effected without precipitating the 
residual serum protems All extractions and precipitations were made at room 
temperature 

Alcohol-ether separation Two hundred ml of human blood serum (pooled 
from negative Wassermann tests) were adjusted to pH 7 1 to 7 3 with 1 n HCI 
or 1 N NaOH by means of the glass electrode Thirty ml^ of absolute alcohol 
(Commercial Solvents, 200 per cent proof) were added drop by drop with con- 
stant stirrmg to avoid protein precipitation A clear solution resulted if the 
mixture was stirred well Eight to 12 extractions with 400-mI portions of abso- 
lute ethyl ether (Mallinckrodt, containing 0 01 per cent alcohol or less) i\ere 
made m a separatory funnel as described m a previous publication (Sprince and 
Kupferberg, 1947b) 

Ether extract The ether extracts were pooled, evaporated to dryness, and 
made up to a 200 ml (=c= 200 ml intact serum) aqueous emulsion as described 
previously (Sprince and Kupferberg, 1947b) To facilitate sterile filtration, 
0 2 ml to 0 4 ml of “tween 80” were added The addition of “tween 80” m 
these concentrations has been shown to have no appreciable effect on the growth 
or inhibition of our stram of Trichomonas vaginalis The mixture was shaken 
well until the “tween 80” was completely dissolved, and then it was rendered 
stenle by being passed through a bactena-retaimng sterile filter This fraction 
was then stored m 50-ml lots in the cold 

Ether-insoluble phase The alcohol and ether were evaporated off from the 
ether-msoluble phase by the procedure used by Sprince and Kupferberg (1947b) 
The pH was checked and found to be the desired value, 7 2 The material was 
now made up to 200 ml in volume with distilled water (=i> 200 ml intact serum) 
and divided mto two 100-ml portions One lOO-ml portion was sterilized by 
filtration and stored m 50-ml lots m the cold This aliquot was assayed for 
activity and represented the complete ether-msoluble phase The second 100 ml 
portion was subjected to further fractionation as follows 

Alcohol precipitate of the ether-insoluhle phase To 100 ml of the ether-m- 
soluble phase prepared above, 100 ml of absolute alcohol (Commercial Solvents, 
200 per cent proof) were added slowly with stirnng, thereby forming a 50 per 
cent alcohol solution ® A flocculent proteinaceous precipitate resulted The 
precipitate was centrifuged off, washed first with three 300-ml portions of 50 
per cent alcohol (prepared from absolute alcohol), and then washed with three 
300-ml portions of distilled water The centrifugate and all washings were 

* This volume of alcohol (13 per cent with respect to serum) was the maMmum amount of 

alcohol that could be added to serum without protein precipitation 

’ Fifty per cent alcohol was the minimum alcohol concentration that complctuy pr*- 
cipitated all proteinaceous material from serum No further precipitation resulted on le 
addition of more alcohol 
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pooled and kept m the cold for further treatment The washed precipitate was 
now suspended in 70 ml of distilled water, and 5 n NaOH was added diop by drop 
with constant vigorous shaking until a clear, freely flowing solution resulted 
The pll at this point may vary from 10 5 to 11 3 In order to prevent excessive 
protein denaturation at this high pll, immediately after such a solution was 
attained, the pH was readjusted drop by drop with 1 n HCl to a range of 7 0 to 
7 3 The solution remained clear and filterable The material was now ad- 
justed to 100-ml volume (o 100 ml intact serum) with distilled water, sterilized 
by filtration, and stored in the cold in 50-ml lots prior to assay This fraction 
contained all proteins precipitable by 50 per cent alcohol 
Alcohol fdlralc of the ether-msohiblc phase The pooled centrifugate and 
washings obtained above were evaporated in vacuo to approximately 80 to 90 ml 
The pH was brought to 7 2 with 1 n NaOH The solution was adjusted to 100-ml 
volume (= 100 ml intact serum) with distilled water, sterilized by filtration, and 
stored m the cold in 50-ml lots until ready for assay This fraction contained all 
the water-soluble compounds of serum not precipitable by 50 per cent alcohol 
Assay Assays of all fractions were performed m tiypticase basal medium by 
means of/a washed inoculum from a pure culture of the protozoan Trichomonas 
vaginalis, strain no 2,^ cultured in trypticase-serum medium The treatment 
of the inoculum, the preparation of serum fractions for assay, and the basal 
medium used in such assays have been presented m precedmg pubhcations 
(Sprmce and Kupferberg, 1947a, b) 


RESULTS 

The results of assays of fractions prepared by the foregomg procedures are 
depicted in table 1 

It IS evident that no one fraction alone could mamtam sustained groAvth to any 
marked extent No gro^vth was demonstrable m either the ether-msoluble 
phase, the alcohol precipitate of the ether-insoluble phase, or the alcohol filtrate 
of the ether-insoluble phase when these were assayed by themselves Only one 
fraction, viz , the ether extract, showed any appreciable cell count This, 
however, was probably due to the residual growth of organisms origmating from 
a vigorously gro^vmg inoculum when placed m a medium capable of mamtainmg 
survival It is interesting to note that, of all the fractions tested, the ether 
extract alone (prepared by this new procedure) was capable of mamtainmg 
survival through three serial transfers from a washed inoculum This effect 
could not be attributed to small amoimts of residual protem carried mto the ether 
extract dunng the separation The aqueous emulsion of the ether extract used 
m the assay was shown to be free of protem by its giving a negative result to each 
of the following tests heat (autoclaving at 15 pounds for 15 minutes), alcohol 
precipitation (absolute alcohol), phosphotungstic acid, trichloracetic acid, 
xanthoproteic, picric acid, biuret, Erlich’s benzaldehyde reagent, Folm’s phenol 

^ The use of cultures of Trichomonas vaginalis, strain no 2, obtained from Dr Garth 
Johnson and Mr A B Kupferberg of the Department of Microbiology, Ortho Research 
Foundation, is gratefully acknowledged 
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reagent after alkaline hydrolysis, and the tnketohydrmdene reagent after 
alkaline hy di olysis and subsequent neutralization 


The absence of organisms in the unfractionated ether-insoluble phase was 
especially significant This effect was apparent upon microscopic examination 
immediately after the first culture from the origmal washed inoculum, and 
served to indicate that the removal of the active serum lipids from the residual 
protein was well accomphshed The completeness of the separation was further 


TABLE 1 

Growth-promoting activity } or Trichomonas vaginalis of fractions prepared from 

human serum 

(Each value is the average of duplicate determinations The data for two different 

extractions are presented) 

I GEOWTH or TEICHOUOXAS VAGIMAUS EXFEESSIO 

IN NDVBZE or CELLS PEE llli> AT END 01 2 


ItATEaiAL ADDED 

SERIAL TRANSFERS 


Extraction 1 

Extraction 2 

None (basal trypticase control) 

0 

0 

Human intact serum (0 5 ml) (control) 

1,365 

1,305 

EE* (0 5 ml) 

' 92 

75 

ERt (0 5 ml) 

0 

0 

ERPt (0 5 ml) 

0 

' 0 

ERF§ (0 5 ml) 

0 

0 

EE (0 5 ml) 4- ER (0 5 ml) 

1,500 

2,100 

EE (0 5 ml) -b ERP (0 5 ml) -b ERF (0 5 ml) 

1,540 

1,055 

EE (0 5 ml) -b ERF (0 5 ml) 

0 

0 

EE (0 5 ml) -b ERP (0 5 ml) 

1,400 

1,475 


All samples of intact serum or serum fractions were diluted with an equal volume of 
Ringer’s solution (Sprince and Kupferberg, 19176) Sterile 0 5 ml sarap'es of such ma 
terials were pipetted into S ml of sterile trypticase basal medium, and enough sterile 
Ringer’s solution was added to bring the 6nal volume in each tube to 10 ml (Sprince and 
Kupferberg, 1947a) Inocula were cultured m trypticase serum medium and washed 
twice with sterile saline solution before assay For the sake of convenience, the first 
culture was allowed to proceed for 72 hours Two serial transfers were then made at 4S 
hour intervals Cell counts were made by hemocytometer 
* Ether extract fraction 
t Ether-insoluble phase (ether residue) 
t Alcohol precipitate of the ether-insoluble phase 
§ Alcohol filtrate of the ether-insoluble phase 

emphasized by a comparison of the dry weights (dned to constant weight at 
80 C m vacuo) of the ether extract prepared by the method described above, as 
contrasted with the procedure in our previous pubhcation (Sprince and Kupfer- 
berg, 19476) wherem Merck’s absolute ether (contaming 0 1 per cent alcohol) was 
used By our present procedure on a given lot of serum, 732 mg of lipoidal 
material per 100 ml of serum could be extracted as compared with 312 mg per 
100 ml by the earher method 

From table 1, it will be observed that when both the aqueous emulsion of the 
ether extract and the aqueous solution of the solubihzed alcohol precipitate of 
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the ether-msoluble phase were added simultaneously, growth occurred to a degree 
equivalent to intact serum This indicated that all of the active components of 
the ethei -insoluble phase were contained in the protein fraction Inasmuch as 
during the process of separation, the proteins probably had undergone some 
degree of denaturation (Edsall, 19 17) it would be of interest to learn how far, 
by other forms of treatment, denaturation or degradation of the protein fraction 
could be permitted to proceed and still allow for a retention of its activity 
Future experiments are contemplated along this line In this connection it 
should be noted, parenthetically, that sustained growth with restricted cell 
counts (approximately 560 cells per mm’) could be obtained by substituting 
intact serum albumin for the ether-msoluble phase (Sprince and Kupferberg, 
19476) 


DISCUSSION 

The procedure for the fractionation of human serum outlined in this paper 
was developed primarily with respect to the separation of factors essential for the 
sustained growth of Tnehomonas vaginalis Two fractions were obtained (1) 
a lipid fraction that was shown to be free from protein, and (2) a protem fraction 
that contamed all the proteins in serum precipitable by 50 per cent alcohol 
Both of these fractions were necessary in order to obtam growth of the organism 
m numbers equivalent to that in intact serum The purpose that motivated the 
development of this procedure is not to be confused with that which motivated 
fractionation procedures recently developed by Cohn and his associates at 
Harvard (1946) These investigators have been ehiefly concerned with resolving 
the plasma and serum protems mto their purified protem components 

Attempts to obtam growth with certain serum fractions prepared by the 
Plasma Fractionation Laboratory at Harvard® were unsatisfactory smee not all 
fractions were available to allow for the compounding of a completely recon- 
stituted serum Similarly, lyophilized intact bovine serum® as well as a “syn- 
thetic” bovine serum, reconstituted from lyophilized bovme serum fractions,® 

I, II -f III, IV, V, and VT, gave irregular results In aU cases, various degrees of 
difficulty were encountered by loss of material on the filter dunng sterile filtra- 
tion In this cormeetion, see Cohn et al (1946) note 72 Further expenments, 
however, are contemplated along these lines 

The method described above has several advantages over other fractionation 
procedures reported in the hterature Relatively large quantities of serum may 
be fractionated at room temperatures with simple laboratory apparatus The 
fractions obtained pass readily through bactena-retaimng sterile filters and , 
possess a high degree of activity From the standpoint of residual growth- 
promotmg ability for Tnehomonas vaginalis, separation is excellent 

' We are indebted to Dr John Edsall of the Department of Physical Chemistry, Harvard 
Medical School, for furmshing us with samples of various fractions prepared from human 
serum 

* We wish to thank Dr J D Porsche, Research Division, Armour Laboratories, for gen- 
erous amounts of lyophilized intact bovine serum and serum fractions 
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STOUIARY 

An improved procedure for separatmg human blood serum mto two fractions 
both essential for the sustamed growth of Trichomonas vaginalis is outlined 
The principle upon which this method was based was the control of the proper 
tions of alcohol and ether used during the fractionation process so that a maxi- 
mum extraction of serum hpids could be effected without precipitating the 
residual serum proteins Two fractions were obtained (1) a hpid fraction that 
was shown to be free from protem, and (2) a protem fraction that contained all 
the protems m serum precipitable by 50 per cent alcohol Both of these fractions 
were necessary m order to obtain growth of the organism in numbers equivalent 
to that obtained ^vlth intact serum 

Several advantages are evident in the procedure outhned Relatively large 
quantities of serum may be fractionated at room temperatures with simple 
laboratory apparatus The fractions obtained pass readily through bacteria- 
retaimng sterile filters and possess a high degree of activity Separation of the 
fractions from the standpoint of the Trichomonas vaginalis assay is excellent 
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Previous reports from this laboratory (Cavallito and Bailey, 1944, Cavalhto 
et al , 1945) have shorvn that many antibiotics may be inactivated with various 
thiol compounds, particularly cysteine We have interpreted this as mdicatmg 
that a large gioup of antibacterial agents acts by combmmg mth protem sulf- 
hydryl groups essential to growth Ban on and Smger (1945) and Smger and 
Barron (1945) have shown that many of the enzymes involved m growth and 
respiration contain this group or require it for their activation Hellerman et al 
(1943) have shown the importance of — SH in the activity of urease These 
workers have shown that crystalline urease may be mactivated by mercunc 
chloride and the activity restored by treatment of the mactivated enzyme with 
cysteine 

Data are here presented that show that treatment of certam bactenostatic sys- 
tems with thiol compounds, particularly cysteme, will reverse bacteriostasis, 
1 e , will allow the inhibited bacteria to take up oxygen agam and multiply in the 
presence of a bacteriostatic concentration of the antibacterial agent 

Eight antibiotics have been studied for the property of reversibility pemcillm, 
streptomycm, pyocyanm, the active prmciple of Asarum canadense (Cavallito 
and Bailey, 1946), phenyl mercuric acetate, mercunc chlonde, ghotoxm, and the 
active principle of Allium saCivum (allyl 2-propene-l-thioIsulfinate, referred to 
hereafter as the thiolsulfinate) 

The techmque generally employed to show reversal of bactenostasis was as 
follows the culture was prepared by adding 0 1 ml of an 18- to 20-hour culture 
m beef extract broth to 50 ml of sterile beef extract broth and mcubating, de- 
pendmg on the orgamsm employed, for 2 or 3 hours at 37 C Two-ml portions 
of the 2-hour culture were placed m the reaction chamber of stenle Warburg 
flasks havmg 40 per cent KOH m the center well The antibacterial agent was 
added m 0 5-ml portions to the reaction chamber of all the vessels exceptmg those 
to be used for culture control, which received a similar volume of phosphate 
buffer of pH 6 5 The thiol compounds were placed m the side arms of the 
Warburg flasks m the experimental vessels, whereas the control vessels contamed 
phosphate buffer of pH 6 5 or sterile distiUed water Oxygen uptake m air by 
the bactena was determmed by the usual Warburg techmque, observations bemg 
made every 10 minutes 

The antibacterial agents were prepared m the followrmg concentrations thiol- 
sulfinate, 0 06 mg per ml, mercunc chlonde, 0 01 mg per ml, active prmciple of 
Asarum canadense, 0 06 mg per ml, pemcillm, 0 036 pg per ml, pyocyamn, 0 12 
mg per ml, ghotoxm, 0 01 mg per ml, streptomycm, 24 fig per ml, and phenyl 
mercunc acetate, 0 0012 mg per ml These concentrations are below the bac- 
tericidal levels of the agents for the orgamsms used 
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Of the antibiotics tested, the bacteriostatic action of mei curie chloride, glio- 
toxm, and the thiolsulfinate could be reversed The results of an experiment 
using the thiolsulfinate and Salmonella paraiypln that demonstrates this char- 
acteristically for the group may be described m greater detail The results are 
summarized m table 1 In this experunent the vessels of the Warburg were 
divided mto 5 groups (A, B, C, D, and E) of 3 vessels each The reaction°chara- 
bers contained the culture and antibacterial agent as described above, the \ esscls 


TABLE 1 

Reversal by cysteine of the bacteriostatic action of allyl 2-propene-l -thiolsulfinate on Salmonella 

paratyphi A 



CONTENTS OP VESSELS 

CUBIC MTLT.TMKTEBS OF OX\CEN UPTVEE PE£ 20-in‘niIS 
INTERVAL 

VESSEL CROUP 



A 

B 

C 

D 

E 

Interval 

ml 

Culture 

2 0 

2 0 

2 0 

2 0 

20 


Antibiotic 

0 

0 5 

0 5 

0 5 

0 5 


Water 

0 5 

0 5 

0 

0 

0 


Side arm Cysteme 

0 5 

0 

1 

0 5 

0 5 

0 5 

Control vessels tipped 


21 9 

0 

7 1 

0 4 

3 3 

1st Per 


70 0 

8 0 

28 1 

10 7 

21 3 

2nd Per 


88 7 

' 1 2 

21 4 

11 9 

21 3 

3rd Per 


97 7 

6 

18 8 


31 3 

4th Per 


135 4 

0 

23 8 


49 4 

5th Per 


89 9 

0 

36 0 


43 4 

6th Per 


83 2 

6 

41 0 


52 4 

7th Per 


91 4 

1 8 

54 8 

92 6 

08 9 

8th Per 


99 1 

3 1 

84 1 

95 9 

83 1 


Values are averages of 3 vessels 

Culture a 2-hr culture of Salmonella paratyphi A in beef extract broth 
Antibiotic a 0 06 mg per ml solution of the thiolsulfinate in distilled water 
Cysteine solution in groups A and C, 5 6 mg per ml, in group D, 0 50 mg per ml, aacl 
group E, 0 28 mg per ml 

of group A (culture control) having stenle distilled water in place of the anti- 
bacterial agent The side arms of groups A, C, D, and E contained 0 5 ml of 
cysteme solutions of the following concentrations A and C, 5 G mg per ml, D, 
0 56 mg per ml, E, 0 26 mg per ml The side arms of group B (bactcriojtosis 
control) contained a similar volume of stenle distilled water The cyateme 
hydrochloride solutions w^ere prepared and stenlized by filtration through sintered 
0-1 filters just pnor to use, and were then neutralized with solid sodium bicar- 
bonate After observations had been made to show oxygen uptake in the cul- 
ture controls and lack of consumption in the bactenostasis control and the ex- 
perimental groups, the cysteine was tipped into the vessels and oxygen uptake 
agam measured To conserx e space the results are expressed for 20-minute o - 
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servation periods, although the determinations were made every 10 minutes 
It IS at once obvious that the control culture was lespiring and that the concen- 
tration of the thiolsulfinate present in the test vessels had inhibited oxygen up- 
take Upon the addition of the cysteine there was prompt oxygen uptake by 
the cultures to which it had been added That this is not due to mere dilution 
IS shoivn by the fact that the bacteiiostasis control was diluted to the same 
extent, with no lesumption of respiration At the end of the experiment all 
vessels except gioup B (bacteriostasis control) were quite turbid The speed 
with which oxygen uptake occuried shows that the resumption of respiration is 

TABLE 2 


LacL of reicrsal of the baclerioslaltc aclton of Ihc active principle of Asarum canadense on 

Staphylococcus aureus 



CONTENTS OP VESSELS 

CUBIC UILLIUETEES OP OXYGEN UPTAKE PEE 
20-MlNUTC INTERVAL 

VESSEL CROUP 



A 

B 

C 

D 

Interval 

ml 

Culture 

2 0 

2 0 

2 0 

2 0 


Antibiotic 

0 

0 5 

0 5 

0 5 


Buffer 

1 0 

0 5 

0 

0 


Side arm Cysteine 

0 

0 5 

0 5 

0 5 

Control vessels tipped 


14 0 

4 9 

7 0 

8 3 

1st Per 


50 0 

8 7 

9 1 

8 6 

2nd Per 


57 8 

7 4 

7 0 

6 3 

3rd Per 


81 9 

5 7 

5 7 

5 4 

4th Per 


83 7 

5 2 

5 3 

3 8 

5th Per 


85 8 

5 2 

53 

3 3 


Values are averages of 4 vessels in groups A and B and 3 vessels in C and D 
Culture SJ-hour culture Staphylococcus aureus 209 
Antibiotic a 0 06 mg per ml solution of Asarum canadense 
Buffer a m/2 phosphate buffer pH 6 6 

Cysteine solution in group C vessels, 0 94 mg per ml in buffer similar to the above, that 
in group D, 0 094 mg per ml in similar buffer 

due to the reversal of bacteriostasis and not to the respiration of a few resistant 
organisms 

Data typical of those antibiotics the bacteriostatic action of which could not 
be reversed are presented m table 2, m which results usmg the active pnnciple of 
Asarum canadense and Staphylococcus aureus are recorded (Similar data were 
obtamed with pemcilhn, streptomycm, and pyocyanm with S aureus, and with 
phenyl mercuric acetate and SI paratyphi ) With the A canadense antibiotic, 
no resumption of oxygen uptake was observed The culture medium m the 
bactenostasis control group vessels and that m the experimental groups showed 
no difference m turbidity at the end of the experiment, whereas the medium 
of the culture control was very turbid This antibiotic resembles pemcilhn m 
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several respects The A canadense antibiotic is active in low concentrations 
against gram-positive organisms, con tarns sulfur, and is mactivated by alkali and 
by cysteme (Cavallito and Bailey, 1944) The selective action shown by pern 
cilhn on “young” cells, however, is not exhibited by this antibiotic This is w ell 
illustrated m table 3 The test organism m this experiment w as Bacillus sitbhlu 
The “young” cells were a 4-hour culture prepared by inoculating 50 ml of stenlo 
beef extract broth with 0 1 ml of a 20-hour broth culture of the test organism, 
whereas the “old” cells were a similar culture mcubated 24 hours The anti- 
biotic, dissolved in 10 per cent ethanol, was placed m the side arms of the experi- 
mental vessels, m the controls an equal volume (0 5 ml) of 10 per cent ethanol 


TABLE 3 

Effect of age of culture on baclertosiasts of Bacillus subttlis by the active principle of 

Asarum canadense 



CONTENIS or VESSELS 

OJBIC UOLmETESS OF OXVCE i UPrAKB PII 

20 itINUIE INTERVAL 

VESSEL CEOUP 



A 

B 

C 

D 

Interval 

ml 

Culture, 24 hr 

2 5 

0 

2 5 

Q 


Culture, 4 hr 

0 

2 5 

0 1 

25 


Ethanol 

0 5 

0 5 

0 , 

0 


Side arm Antibiotic 

0 

0 

0 5 

05 

Control vessels tipped 


! 28 7 

18 2 

1 22 2 

19 3 

1st Per 


50 3 

59 5 

64 2 

37 4 

2nd Per 


54 4 

105 9 

91 9 

52 1 

3rd Per 


71 6 

126 4 

64 5 

31 6 

4th Per 


60 9 

75 7 

41 2 

23 6 

5th Per 


94 9 

134 9 

19 4 

11 5 


Values are averages, groups A and B, 3 vessels each, groups C and D, 4 vessels 
Ethanol 10% solution Concentration of active principle of Asarum canadense, 0 15 
mg per ml in 10% ethanol 


was used When oxygen uptake was shown m all vessels, the contents of the 
side arms were tipped mto the reaction chambers and oxygen uptake was again 
determined The active principle of Asarum canadense is equally effective m 
stoppmg the oxygen uptake of "old” and “young” actively grmving cells At 
the end of the experiment the control vessels were very turbid, whereas the 
experimental vessels were no more turbid than at the beginmng of the expenment 
The antibiotics that produced a bactenostasis that could be reversed with 
cysteme (thiolsulfinate, mercunc chloride, and ghotoxin) were tested for reversal 
with the foUowmg thiol compounds glycylcysteme, N-acetylcysteine, and sodiu® 
thioglycolate Bactenostasis produced by mercunc chlonde was revcrocd by 
all of these compounds, bactenostasis by the thiolsulfinate by all but sodium 
thioglycolate Unex-pectedly, only X-acetylcysteine was effective wnth gho- 
toxm Presentation of all the data on these compounds with the three anti 
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biotics would be repetitious, as evamples of the effectiveness and lack of it, 
the data obtained with the tluolsulfinate are presented in table 4 The rate of 
reversal is more rapid with cysteine than with the other thiols tested S-methyl- 
cysteine, propanethiol, and /3(-dunethylammo)-ethanethiol were without effect 
m reversing the bacteiiostasis of S paratyphi by mercunc chloride 

TABLE 4 


Action 0 / glycylcysCetnCiSodtum ihioglycolaCe,and N acetylcysteine on the bacteriostatic action 
of thiolsulfinate on Salmonella paratyphi A 



CONTENTS OP VESSELS 

CtlSlC unxniETEKS OP OXYGEN UPTAKE PER 20 UINUTE 
INTERVAL 

VESSEL CROUP 



A 

B 

C 

D 

E 

Interval 

ml 

Culture 

2 0 

2 0 

2 0 

2 0 

2 0 


Buffer 

0 5 

0 5 

0 5 

0 5 

0 5 


Side arm Buffer 

0 5 

0 5 

0 

0 

0 


Glycylcysteine 

0 

0 

0 5 

0 

0 


Na-thioglycolate 

0 

0 

0 

0 5 

0 


N-acetylcyateme 

1 

0 

0 

0 

0 

0 5 

Control vessels tipped 


3 1 

1 2 

1 7 

2 9 

1 9 

1st Per 


12 1 

1 6 

4 5 

1 0 

2 0 

2nd Per 


18 8 

1 8 

1 7 

2 9 

6 0 

3rd Per 

i 

35 5 

2 2 

5 4 

0 5 

6 6 

4tli Per 


58 0 

2 6 

5 4 

4 5 

5 4 

6th Per 


74 2 

0 7 

9 0 

0 6 

3 5 

6th Per 


93 2 

3 6 

11 1 

2 4 

14 0 

7th Per 


131 8 

4 0 

19 2 

4 9 

19 7 

8th Per 

j 

116 2 


26 8 

4 8 

34 1 

9th Per 


115 2 


42 5 

8 8 

46 4 

10th Per 

i 

115 9 


53 3 

6 4 

71 6 


Three flaaks in all groups except B, which had 2, values are averages Culture 2-hr 
culture S paratyphi A in nutrient broth Buffer m/2 phosphate pH 6 6 Antibiotic 
thiolsulfinate, 0 1 mg per ml, glycylcysteine, 0 43 mg per ml, sodium thioglycolate, 0 46 
mg per ml, N-acetylcysteine, 0 65 mg per ml 

DISCUSSION 

On the basis of previously reported work from these laboratones and the data 
here presented, it is possible to classify antibiotics (using the term m its broadest 
sense) on the basis of their reactions with thiol compounds A large number 
of the antibiotics and the heavy metals are mactivated by thiol, but gramicidm, 
tyrocidin, streptothnem, and aspergilhc acids are not The antibiotics sus- 
ceptible to thiol mactivation can further be divided mto those causmg a bac- 
teriostasis that can be reversed by cysteme and those with which cysteme 
IS without effect on the bacteriostasis The antibiotics charactenzed by a thiol- 
reversible bacteriostasis apparently show little specificity, reactmg with most 
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types of SH groups Those with which reversal does not occur are specific, 

capable of reacting with a specific combination of groups ( — SH and adjacent 

NHa) m protems As an example of specificity, it has been observed m our 
laboratory that whereas urease is not inhibited by pemcillm, the enzyme is 
readily mactivated by the thiolsulfinate, a nonspecific thiol reagent 

An adequate explanation for the lack of reversibility of bactenostasis caused 
by pemcfilm, streptomycm, and the active prmciple of Asarum canadense is 
difficult to give This is largely the result of our lack of knowledge of the chem- 
istry of these antibiotics 

We beheve that when a sulfhydryl-reactive antibiotic acts upon an organism 
to bnng about at least bactenostasis, this effect may be accomplished by the 
reaction of the antibiotic with biologically essential — SH groups It is thought 
that m reversible bactenostasis the antibiotic reacts only with — SH groups, 
whereas m irreversible bactenostasis both — SH and neighbonng — ^NH 2 groups 
of the protem may be mvolved The mdirect evidence for this view is to be 
found m the work of Cavalhto and Haskell (1945), who showed that unsaturated 
lactones reacted m such a manner with aminothiols Reaction with ammo 
groups probably does not occur with ghotoxm, mercunc chlonde, and the thiol- 
sulfinate 

That spacial relations are important m the various reactions of antibiotics is 
mdicated by the fact that whereas /3(-dimethylammo)-ethanethiol is very effec- 
tive m destroymg the antibactenal action of pemcilhn, separation of the thiol 
and ammo groups by one more C atom e limin ates the mactivating action It 
IS entirely possible that withm complex proteins, the “geographical position” of 
the sulfhydryl and ammo groups is such that the fuU reaction, — SH reaction 
and bmdmg of the protem NH 2 , does not occur The inability of cysteine to 
reverse the bactenostasis of some antibiotics may be due to the combmation of 
antibiotic and protem bemg so arranged that the cysteme — SH is blocked away 
from the mactivated enzyme — SH and is prevented thereby from regeneratmg 
the latter 

If the action of pemciUm is truly bactericidal, as claimed by Cham and Duthie 
(1945), Bigger (1944), Enksen (1946), Garrod (1945), and Hobby and Dawson 
(1944), the mabihty to reverse the bactenostasis of pemcillm and similar anti- 
biotics IS readily explamed Against this explanation is the fact that the con- 
centrations of the antibiotics used m these experiments were bactenostatic 

The observation that mercunc chlonde bactenostasis can be overcome by 
thiol compounds is not new It is of fundamental importance, however, that 
two antibiotics react m the same maimer as does this morgamc antibacterial 
agent This pomts to a similar and basic mode of action of the three antibac- 
tenal agents The concept of antibactenal action may be expressed graphically 
by the followmg scheme 

PSH 4- An PSH An PSH + An' 


(4) 


cysteme 


(3) 

V 


cysteme An P'SH -f- An' 
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where PSH is the — SH active enzyme, An is the active antibactenal agent, 
PSH ^Vn IS the enzyme-antibiotic reaction product, P'SH is the enzyme that has 
been dissociated from the antibiotic but altered by the reaction so as to be mert, 
and An' is the altered antibacterial agent A bactencidal system could be one 
m which the reaction betiveen enz}Tne and antibactenal agent is irreversible 
(reaction 1) or in which the antibiotic has altered the enzyme so it is mert and is 
itself altered (reaction 3) Bacteriostasis may be explamed by assummg that 
reaction (1) is reversible, the concentration of antibiotic forcmg the reaction to 
the right, thus leadmg to suspension of growth, or that reaction (2) occurs 
The resumption of respiration and growth resulting from the treatment of a 
bacteriostatic system mth thiol compounds may be explamed m at least two 
ways The cysteme may remove the antibactenal agent frqm the eqmlibnum 
reaction (reaction 4) The reversal of mercunc chlonde bactenostasis may be 
an example of this type of reaction The thiol compound may displace the 
antibiotic fragment from the enzyme-antibiotic reaction product with the result- 
mg formation of an mactive, altered antibiotic fragment and the native enzyme 
(reaction 2) The reaction of the thiolsulfinate and cysteme is beheved to be 
an example of this tjqie 


SUMMARY 

Bactenostasis by mercunc chlonde, allyl 2-propene-l-thiolsulfinate, and gho- 
toxm can be reversed by the addition of cysteme to the bactenostatic system 
Bactenostasis caused by pemcilhn, streptomycm, the active prmciple of Asarum 
canadense, or pyocyamn was not reversed by cysteme In addition to cysteme, 
glycylcysteme, N-acetylcysteme, and sodium thioglycolate were effective revers- 
mg compounds for mercunc chlonde, the thiolsulfinate was reversed by all except 
sodium thioglycolate, whereas only N-acetylcysteme had any effect on the gho- 
toxm bactenostasis Thiol-reactive antibiotics may be classified on the basis of 
thiol reversibihty of the bactenostasis produced 
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A great deal has been learned about vural hemagglutination smce the report 
by Hirst in 1941 that influenza viruses agglutmate chicken red blood cells Of 
special mterest have been those observations that suggested that this reaction 
may serve as a model for the study of viral infections 

In 1942 Hirst reported that PR8 and Lee viruses were eluted from the red 
blood cells at different rates and that erythrocytes that had adsorbed and fully 
dissociated from these viruses were no longer capable of adsorbmg a detectable 
amount of fresh homologous or heterologous virus or of agglutmatmg m their 
presence He postulated that this alteration of the eiythrocytes was analogous 
to an enzyme-substrate reaction and suggested that hemagglutmation might be 
an tn vtiro counterpart to natural infection This suggestion received support 
from his subsequent work (Hirst, 1943), which mdicated that the cells of the 
respiratory tract resembled red blood cells m then capacity for adsorbmg and 
subsequently dissociatmg from influenza viruses Burnet and Bifll (1943) m 
the course of comparative observations on the behavior of freshly isolated m- 
fluenza strains commented on an apparent parallelism between the suscepti- 
bihty of erythrocytes from vanous species to agglutmation and the suscepti- 
bihty of those species to infection Burnet and his co-workers (1945, 1946) 
also mvestigated the agglutinabihty of red blood cells that had once adsorbed 
and dissociated from hemagglutmatmg viruses Then results, unhke those of 
Hirst (1942), mdicated that there were varymg degrees of refractormess to ag- 
glutination dependmg upon the virus used imtially and those used later to test 
the modified cells Burnet (1945a,b,c) presented a linear arrangement of these 
agents — mumps, Newcastle disease, most influenza A strains, influenza B, and 
Bwme influenza — and stated that cells treated with any one of them were subse- 
quently refractory to agglutination by the homologous vnus and those viruses 
precedmg it m the senes, but were still susceptible to agglutination by those 
followmg it 

Ziegler and Horsfall (1944) noted certam analogies between mterference and 
the resistance of modified erythrocytes to further agglutmation In their 
studies of mterference m the chick embryo they found that, although PR8 virus 
causes mterference with infection by Lee virus, Lee did not mterfere with sub- 
sequent infection by large amounts of PR8 This lack of reciprocal mterference 
m the presence of certam viruses is unlike the results reported by Hirst (1942) 
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With PUS- and Lee-treated red blood cells, but might be consistent ivith the 
observations of Burnet (1945a, b,c, Burnet et al , 1946), although he did not re- 
port the effect of PBS m his senes A review of the hterature on mterference 
such as IS presented by Ziegler and Horsfall (1944) mdicates that viruses widelj 
different m antigemcity may cause mterference and that this may or may not 
be reciprocal dependmg upon the particular agents studied This has been 
further documented by the more recent work of Duffy (1944) showmg reciprocal 
mterference m the chick embryo with St Loms encephalitis and Western equine 
encephahtis viruses, and by that of Lennette and Koprowski (1946) in tissue 
culture m which yellow fever and West Nile viruses are shown to mterfere iiith 
infection by PR8 vims, although PUS does not mterfere with infection by the 
former viruses The importance of the conditions under which these experi- 
ments are performed is shown by a report of Henle and Henle (1945) m which, 
after usmg mactivated virus as a first moculum and an unspecified concentra- 
tion of active vmis as the second, they presented evidence, unlike Ziegler and 
Horsfall (1944), for reciprocal mterference in the chick embryo between PUS 
and Lee 

The foregomg findmgs have many implications for the student of infectious 
disease Consequently, it was felt that a remvestigation with more quantitative 
techniques of the alterations that take place m erythrocytes foUowmg contact 
with hemagglutmatmg viruses might reconcile the different results reported by 
various workers It was hoped that the results obtamed might offer further 
support for the use of the hemagglutmation phenomenon as a tool m the study 
of the pathogenesis of viral infections Therefore, the duration and the speci- 
ficity of the ira Ultra changes m chicken red blood cells followmg treatment uith 
the mfluenza vimses, PR8 and Lee, and Newcastle disease virus (NDV) were 
mvestigated, and an attempt was made to learn w'hether similar changes might 
occur m vivo m infected chick embryos In the present communication it will 
be shown that the alterations produced m erythrocytes are long-lastmg, that the 
degree of the refractory state for adsorption and agglutmation of altered cells 
vanes dependmg upon the vmis employed, and that similar changes do not 
necessarily occur m infected chick embryos 

ilATERLlLS AND HETHODS 

Viruses The PR8 stram of mfluenza A virus, the Lee strain of mfluenza B 
virus, and a stram of Newcastle disease virus ongmally recovered by Dr Beau- 
dette of Rutgers Umversity were used m this study For convemence they will 
henceforth be termed PR8, Lee, and NDV, respectively Pools of allantoic 
fluids from 12- and 13-day-old chick embryos that had been infected via the 
allantoic sac were employed as the source of the virus Between tests the^e 
pools were stored at either 4 C or — 72 C 

Cells Chicken red blood cells w ere collected m an excess of 2 per cent sodium 
citrate and washed several tunes with salme, the desired concentration was pre- 
pared from the sediment obtamed after centrifugation at 1,500 rpm for 10 
minutes 
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“Tieated” cells were prepared by mi\mg a suspension of cells with undiluted 
allantoic fluid The mixtures weie permitted to remain at 37 C and room tem- 
perature for varying periods of time before the cells were separated and washed 
mth saline Washings were repeated many times with intervenmg periods at 
37 C to permit complete elution of absorbed virus Between procedures the 
cells ere stored at 4 C Such cells were prepared with PR8, Lee, and NDV, 
and with normal allantoic fluid and saline Smce several different concentra- 
tions of cells were used, more exact details of preparation will be reserved for 
the experimental section However, whenever treated cells are referred to m 
this communication, it is meant to indicate that the cells have been subjected 
to a procedure such as has just been outlmed 

Sahne An 0 85 per cent solution of sodium chloride contammg 0 01 m phos- 
phate buffer at pH 7 2 was used throughout 
Sera Specific immune sera were prepared for each of the viruses by inject- 
mg rabbits intravenously wth 10 ml of a pool of infected allantoic fluid In 
preparing NDV and Lee antisera, the rabbits were given a second such injection 
after 6 weeks — approximately 2 weeks after the last mjection serum was collected 
Hemagglutination tests The hemagglutination titers of the viruses were ob- 
tained by makmg serial dilutions with saline in a volume of 0 4 ml, adding an 
equal quantity of a 1 5 per cent red blood cell suspension, and observing the pat- 
tern of the sediment after 60 mmutes For PR8 and Lee viruses the reaction 
was permitted to proceed at room temperature and for NDV usually at 4 C, as 
previously described (Florman, 1947) In some of the early experunents tests 
ivith NDV were conducttrd at room temperature and read after 30 mmutes 
The highest dilution of virus givmg 2-|- agglutmation was considered the end 
pomt and constituted one hemagglutmatmg umt of virus This method was 
used ivith fresh red blood cells and mth those that had previously been treated 
with viruses when information was sought regardmg their degree of agglutm- 
abihty 

Infectivity titrations The quantity of active virus present m an infected al- 
lantoic fluid was determmed by titration m chick embryos Tenfold dilutions 
were made m 10 per cent normal horse serum broth, and moculations were earned 
out by the mtra-allantoic route After 24 hours’ mcubation of the moculated 
embryos the allantoic fluids were collected and tested for hemagglutmation 
The highest dilution of the moculum that had produced infection in 50 per cent 
of the embryos was considered to contain one embryo infective dose (1 E I D ) 
Antibody titrations Because tests with NDV are best carried out in the cold 
and since uniformity was desired, aU antibody titrations were done at 4 C by a 
method previously described for NDV (Florman, 1947) The sera were m- 
activated at 56 C for 30 mmutes, and serial twofold dilutions were prepared m a 
volume of 0 2 ml To each there weie added 0 2 ml of a virus dilution contam- 
mg 32 hemagglutmatmg units The mixture was shaken and meubated in a 
37 C water bath for 60 mmutes After chillmg, 0 4 ml of a cold 1 5 per cent 
chicken cell suspension were added, and the tubes were reshaken and left at 
4 C for 60 mmutes At the end of this period the pattern of the sedimented 
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cells was observed The lowest dilution of serum permittmg 2+ agglutmation 
was considered the end pomt and constituted one unit of hemagglutmation-m- 
hibitmg antibody 


experimental results 

Alterations in agglutindbility of virus-treated red Mood cells in the presence of 
fresh virus In general the pubhshed finchngs of earlier workers were confirmed 
(Hu-st, 1942, Burnet, 1945a, 6,c) Chicken red blood cells treated with NDV, 
Lee, and PUS showed a modified agglutmability m the presence of fresh homol- 
ogous or heterologous virus Cells treated with any one of the three viruses 
were subsequently magglutmable m the presence even of large amounts of NDV 
However, the degree of alteration of the cells with respect to agglutination vith 
PUS or Lee was not uniform As will be shown below, the manner in which the 
cells were treated and tested, especially with PUS and Lee, made a difference m 
the result obtamed 

Persistence of alterations in agglutmability of treated red blood cells Before any 
elaborate experiments could be undertaken with altered cells, it was necessary 
to determme how long after treatment they remamed modified Aliquots of a 
3 per cent suspension of freshly collected chicken red blood cells were treated 
with either NDV, PR8, or Lee by mixmg with an equal amount of undiluted, 
infected allantoic fluid conta inin g the desired virus and by mcubatmg the mix- 
tures at 26 C for a total of 48 hours After several washmgs a 1 5 per cent sus- 
pension was prepared from each batch of treated cells and a saline control Then 
0 4 ml of these cells were added to 0 4 ml of senal dilutions of fresh preparations 
of each of the three viruses and hemagglutination end pomts were determmed 
At the time the first tests were performed 3 days had elapsed since the cells were 
treated S imil ar tests were subsequently earned out on the tenth and seven- 
teenth days after treatment In the mtenm the cells were stored at 4 C as 3 
per cent suspensions In this experiment all the hemagglutmation tests were 
done at room temperature and read after 1 hour except these with NDV, which 
were read at the end of 30 mmutes 

As IS shovm m table 1, all cells treated m the manner desenbed were inaggluti- 
nable by NDV for at least as long as 10 days Except for those treated mth 
NDV, they were also magglutmable m the presence of Lee virus for at least as 
long as 17 days In the presence of PR8, however, although the NDV- and 
Lee-treated cells showed dimmished agglutmability for as long as 17 days, only 
the PIl8-treated cells were magglutmable The appearance with NDV-treated 
cells of partial agglutmabdity m the presence of Lee -vurus on the seventeenth 
day could not be explamed With other preparations of NDV-treated cells 
complete loss of agglutmabdity m the presence of Lee was rarely observed 
From this experiment it ma> be concluded that cells treated with any of these 
three viruses show altered agglutmability for at least as long as 17 days, and 
that no essential difference is detectable between results obtained with cells 
tested on the third and on the tenth daj's after treatment In another similar 
experiment m which only NDV- and Lee-treated celL were studied, such altera- 
tions were observ ed to persist for as long as 21 days 
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Effect of variations in treatment of red blood cells on their agglutinabihty in the 
presence of fi esh virus INIany difficulties were encountered m obtaining uniform 
results w hen treated cells were tested for agglutmabihty m the presence of fresh 
virus It appeared that even though cells were eonsistently inagglutmable m 
the presence of large amounts of NDV, the manner of treatment markedly af- 
fected the results obtained with PR8 and Lee Although no attempt was made 
to investigate this subject completely, two experiments wiM be presented to 
illustrate tins point 

In one experiment chicken erythroc 3 rtes were prepared as a 3 per cent suspen- 
sion, nuxed with equal parts of undiluted, mfected allantoic fluid, meubated for 

TABLE 1 


Persistence of diminished agglutinability by viruses of red blood cells treated with viruses 




HEMACGLUnUATlOS XirERf 

ancEEK &nc t&£.\T£:d 

WITH 

VntCS-rVTECTED 
AltJ^TOIC FLUID 

1 

VO OP DA\S FOLLOWING XaTATilENT OP MC 

3 

10 

17 

Saline 

NDV 

1,280 

640 


NDV 

it 

10 

10 


Lee 

it 

10 

10 


PR8 

ii 

10 

10 


Saline 

Lee 

1,280 

1,280 

1,280 

NDV 

it 

10 

10 

160 

Lee 

a 

10 

10 

10 

PR8 

it 

10 

10 

10 

Sahne 

PR8 

1,280 

610 

320 

NDV 

ii 

320 

160 

160 

Lee 

it 

320 

160 

40 

PR8 

1 

it 

10 

10 

10 


* Three per cent suspension of RBC added to undiluted allantoic fluid and held at 26 C 
for 48 hours 

t Reciprocal of dilution giving titration end point 


a total of 17 hours at 37 C, and washed several tunes before use These cells 
will be referred to as “saturated cells ” In the second experiment chicken red 
blood cells were prepared as a 20 per cent suspension, nuxed with equal parts of 
virus, meubated for a total of 6 hours at 37 C, washed several tunes, and finall y 
stabihzed by the addition of a small amount of normal allantoic flmd before use 
These cells will be referred to as “unsaturated cells ” 

Because of the fact that PI18 virus is eluted relatively slowly from red blood 
cells, it was often difficult to obtam stable suspensions of PR8-treated cells that 
would not agglutmate spontaneously m sahne Smee stable preparations are 
essential for all tests of comparative agglutmabihty, very long mcubation periods 
and many washmgs were usually required Fortunately it was observed that 
by the addition of small amounts (eg, 12 per cent) of normal allantoic flmd, 
which contams an hemagglutmation inhibitor, as was mdicated above, the 
period of preparation could be greatly shortened 
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From the tenth to the twelfth days after the preparation of the saturated and 
unsaturated ceUs was started, hemagglutination tests were conducted Dilu- 
tions of NDV, Lee, and PR8 viruses were made m salme so that each dilution 
contamed a known number of hemagglutmatmg units In the first experiment 
these ranged from 32 to 256 umts and m the second from 1 to 512 units To 
0 4 ml of each virus dilution there were added 0 4 ml of a 1 5 per cent suspension 
of virus-treated and control chicken cells Tests m which NDV was used as the 
agglutinating agent were performed at 4 C, the others were done at room tem- 
perature At the end of 1 hour the degree of agglutmation m each tube was 
noted and compared 

The results are shown m table 2 It is seen that both the saturated and the 
unsaturated cells were equally magglutinable in the presence of NDV However, 
the unsaturated cells were apparently less altered, especially by NDV and PR8 


TABLE 2 

Aggluitnahxhiy hy viruses of red blood cells variously treated with viruses 


aESOLTS* 01 HEUACCLUTIKATION TESTS WITS INDICATED NUMBER 07 HEMACOLU' 
TINATING UNITS OP VARIOUS VIRUSES 
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0 
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4 
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3 
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2 

2 

2 

4 

4 

4 

4 

3 

3 

2 
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0 

0 

0 
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E 
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0 
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E 
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4 
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3 
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4 
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3 

z\ 

4 
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4 

4 

3 

2 



* 4 = complete agglutination 3 2, andl< 
t NAF « normal allantoic duid 


• partial agglutination (2 13 considered end point) , 0 = no agglutination 


In the presence of Lee and PUS these cells show less loss of agglutmability than 
did the saturated cells, although m both experiments the differences from the 
controls were m the same direction The differences between the reactivity of 
Lee-treated cells vuth Lee virus were minimal In neither instance could definite 
agglutmability be demonstrated even m the presence of 256 hemagglutmatmg 
umts of virus 

If the first experiment is considered alone, it would appear that PR8 virus 
was most effective m modifying the agglutmability of chicken red blood cells, 
followed closely by Lee and then by NDV However, if the second experiment 
is considered alone, the order is shghtly changed Lee is the most effective m 
altering the reactivity of the cells, followed by PRS and then NDV If the=o 
results are considered m terms of exhausting the receptors of the erythrocytes 
for these v iruses, as has been suggested, they offer evidence to support Burnet 
(19456) that the receptor for NDV is most readily remoi ed The receptor for 
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Lee w ould seem to be more quickly exhausted than that for PR8, although when 
prolonged treatment is permitted, that for PR8 virus appears to be shghtly 
more effectively removed 

Table 2 also shows the advantage of testmg treated cells against more than 
one dilution of virus In the first experiment quite different results would have 
been obtained if a smgle dilution of 256 or of 64 umts of PR8 had been used, and 
similarly in the second experiment, if ]ust 64 or 16 units of Lee had been em- 
ployed 

Neither of these experiments shows the complete reciprocal loss of agglutma- 
bihty in the presence of PR8 and Lee by PR8- and Lee-treated cells reported 
by Hirst (1942) However, the results of tests wath saturated cells and 64' or 
few er hemagglutinatmg units m the first experiment do approach this and sug- 
gest that the method of treatment be considered m all its details in any discus- 
sion of alteration of agglutmability of treated erythrocytes 

Alterations in adsorptive capacity of treated red blood cells From his studies 
wath PR8 and Lee, Hirst (1942) reported that changes m agglutmability of 
treated cells are paralleled by changes m their capacity to adsorb fresh virus 
A number of experiments w'ere, therefore, conducted vnth NDV, PR8, and Lee 
viruses m order to learn whether changes could be detected m the adsorptive 
capacity of treated cells comparable to the modifications m their agglutmabihty 
described previously 

Appropriate mixtures of red cells and viruses were prepared After a desig- 
nated time the amount of virus adsorbed by the cells as reflected m a decrease 
m the hemagglutinatmg titer of the supernatant was determmed In a few ex- 
periments the amount of virus that could be subsequently eluted from the sedi- 
mented cells was also measured 

Expenments were carried out with the same saturated and unsaturated chicken 
red cells that were used m the agglutmation experiments presented m table 2 
However, the former cells were 12 days old at the time of the test and the latter 
only 2 and 3 days old Smce it was not necessary to have completely stabihzed 
cells, the unsaturated cells were merely suspended m salme Adsorption with 
NDV was permitted to take place for 5 to 10 mmutes at 4 C, with Lee for 10 
mmutes at room temperature, and with PR8 for 40 mmutes at room temperature 
These mtervals were selected after pre limina ry experiments with untreated red 
cells had shown them to be satisfactory for each of the -viruses After the sedi- 
ment wns washed, varus was permitted to elute mto fresh sahne at 37 C In 
the e-vperunent with saturated cells the detection of eluted varus was not begun 
until after the cells and virus had been together at room temperature for 1 hour, 
m the experiment with unsaturated cells this was begun immediately after the 
prevaously mdicated mtervals In the former experiment the amount of varus 
adsorbed by a 3 per cent cell suspension was studied, and m the latter the amount 
adsorbed by a 10 per cent suspension was determmed 

The results are summanzed m table 3 The first e-xpenment was with satu- 
rated cells It was found that none of the treated cells adsorbed any NDV that 
could be detected either by reduction m titer of the supernatant or by elution 
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from the sedimented cells Although none of the virus-treated cells reduced 
the titer of the Lee supernatant, the NDV- and Lee-treated cells apparently 
adsorbed some of this virus for it was subsequently eluted from them The 
greater sensitivity of elution as an mdex of adsorption capacity is even better 
illustrated with these cells and PR8 In no instance with virus-treated cells 
was the titer of the supernatant significantly reduced, yet all three of the types 
of virus-treated cells later showed elution of some virus The fact that a 50 
per cent reduction m virus concentration must take place before it is reflected 
by a smgle tube change m the former test no doubt accounts for the foregoing 
find i ngs The results of the second experiment m which more concentrated 

TABLE 3 


Adsorption of viruses by red blood cells variously treated with viruses 


1 

TBEATED WHS 

CHICKEN SBC TBEATUZNT 

CONCElf* 
TRATION 
USEO 70S 
AQSORP* 
TION 

HZUAGCLHTIN ^TIOS TITBXS* 07 VUICS BEMAININO JN THS 
SUPERNATANT AND SLUTCD TSOlf THE SBC SEOUCENT 
FOLLOWING ADSORPTION OF INDICATED VIRUSES 

NDV 

1 Lee 

( PR3 

Super- 

oaUiit 

Eluate 

from 

RBC 

Super- 

natant 

Eluate 

fiom 

RBC 

Super 

natant 

Eluate 

from 

RBC 



per cent 







(Control — 

Saturated 3% aua- 

3 

640 

— . 

1,280 

— . 

320 

— 

no RBC) 

pension of RBC 








Saline 

treated at 37 C for 


160 

64 

320 

16 

<20 

512 

NDV 

17 hr 


640 

<4 

2,560 

8 

160 

16 

Lee 



1,280 

<4 

2,560 

4 

640 

32 

PR8 



640 

<4 

1,280 

<4 

160 

32 

(Control — 

Unsaturated 20% 

10 

128 



1,024 


384 

— 

no RBC) 

suspension of RBC 








Saline 

treated at 37 C for 


‘ 48 

> 16 

32 

>128 

<4 

38 

NDV 

6 hr 


, 128 

<2 

128 

96 

32 

54 

Lee 



128 

<2 

1,024 

2 

128 

18 

PR8 



128 

<2 

1,024 

4 

128 

13 

NAP 



48 

16 

32 

>128 

<4 

35 


* Reciprocal of dilution giving titration end point 


although unsaturated cells were used differed from the first chiefly in quantita- 
tive aspects In those instances in which virus was adsorbed, it was usually re- 
flected by both a drop m titer of the supernatant and a greater elution of virus 
from the sedimented cells This might have been because a more concentrated 
cell suspension was used, and hence more cells were available for adsorbing 
virus, or because the less completely treated cells were less modified, or because 
of a combination of both factors It would seem that the most reliable results 
would be obtamed if saturated cells and more concentrated cell suspensions were 
used 

A comparison of the results presented m tables 2 and 3 in general confirms 
Hirst’s unpression that there are parallel changes m the agglutinabihty and 
absorpti-ve capacity of treated cells This correlation is especially good when 















1948] CaVNGES in chicken eeythkocytes following thbatment 191 


NDV IS used as the test ageut, somewhat less so when PR8 is the virus, and only- 
fair m the presence of Lee Even though PR8-treated cells were agglutmated 
by 32 units of Lee m the second experiment, the eluate gave the only emdence 
that there had been any adsorption of virus Conversely, the Lee-treated cells 
that were magglutmable by 256 units of Lee apparently did adsorb some virus, 
as could subsequently be detected by elution These findmgs mdicate once 
agam that the alterations produced m red blood cells are to a degree specific for 
the -virus used Those mduced by NDV and PR8 are most apparent when NDV 
is used as the test agent, less so if Lee is the virus to be adsorbed, and least m 
the presence of PR8 In addition, m arrangmg these three viruses m order of 
ascendmg degrees of effectiveness m modrfymg the adsorptive capacity of chicken 
erythrocytes the order is also NDV, Lee, and PR8 although the difference be- 
tween PR8 and Lee is very slight 

Aiiempt lo correlate alieraiions in treated red blood cells vnth those in infected 
chick embryos The superficial resemblance of the mduction of refractory red 
blood cells to interference has been noted by others (Ziegler and Horsfall, 1944, 
Stone, 1947) It was hoped that the present investigation might offer support 
for the use of hemagglutmation as a model for the study of -viral infections The 
results of experiments with -virus-treated red blood cells such as those that have 
been presented above suggested a direct approach to this question In all of the 
experiments described erythrocytes treated with PR8 rvere subsequently unable 
to adsorb or to be agglutmated by NDV, whereas cells treated -with NDV were 
still able to adsorb and to be agglutmated by PR8 almost as well as were the 
controls Therefore, if hemagglutmation were a satisfactory model of virus 
infection, changes similar to these might be expected to occur m chick embryos 
foliowmg infection -with these -viruses Chick embryos infected by PR8 should 
be resistant to infection by NDV, whereas embryos infected by NDV should 
still be susceptible to PR8 

Before this possibility could be exammed, a method had to be devised that 
would permit the accurate detection of relatively small amounts of one of these 
viruses m the presence of the other After a number of tnals with allantoic 
fluids contammg a mixture of two viruses, the foliowmg procedure was found to 
be sufficiently sensitive for this purpose Senal dilutions of a fluid were made m 
tnplicate m 0 2-ml quantities There were then added to each tube of one series 
0 2 ml of a 1 20 to 1 100 dilution of immune rabbit serum contammg 32 anti- 
body umts agamst one of the viruses, to each tube of the second series the same 
amount of rabbit antiserum agamst the second -virus, and to the third senes a 
dilution of normal rabbit serum equal to that of the more concentrated of the 
other two sera It was, however, necessary to select sera that, when diluted as 
]ust mdicated, would show no nonspecific inhibition or chicken red blood cell ag- 
glutinins The subsequent procedures were similar to those employed m ti- 
tratmg antisera The mixtures were shaken, mcubated at 37 C for 60 mmutes, 
and chilled, after which 0 4 ml of a cold 1 5 per cent chicken red blood cell sus- 
pension were added The end pomt m the presence of each of these sera was 
the highest dilution of a flmd givmg a 2+ agglutmation As controls, allantoic 
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fluids that contained only one of the two vnnises were similarly examined With 
each fluid the titers obtamed m the presence of normal rabbit serum were com- 
pared with those obtamed m the presence of each of the two antisera Reduc- 
tion of the hemagglutmation titer by an immune serum is a measure of the 
amount of homologous virus present However, this reduction may be ob- 
scured and made to appear less if heterologous virus is also present m the mixture 
Therefore, the degree of reduction m titer of a control fluid that contamed only 


TABLE 4 


Serologic analysis of mixtures of allantoic fluids containing two viruses 


UDCrUltE OF COfECTED 
ALLAMOIC FLUID 

BABBIT SEBUU* 

EESULTSt OF HZXl0CLUTlSAT10»i WniDinO'J 
TESTS 

KNAL DILUTION OF ALLANTOIC FLUID .XIXTUEES 

ufaiBpnoM ZNO 
POLNT 

PR8 

Lee 

4 

s 

16 


i 




i 


ml 

ml 













1 0 

0 0 

Normal 

4 

4 

4 

4 

4 

4 

3 

2 

0 

0 

512 



Anti-PR8 

4 

2 

0 

0 

0 

0 

0 

0 

0 

0 

s 


1 

Anti-Lee 

4 

4 

4 

4 

4 

4 

2 

0 

0 

0 

256 

0 0 

1 0 

Normal 

4 

4 

4 

4 

4 

4 

3 

2 

0 

0 

512 



Anti-PR8 

4 

4 

4 

4 

4 

4 

3 

1 

0 

0 

256 



Anti Lee 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 5 

0 5 

Normal 

‘ 4 

4 

4 

4 

4 

4 

3 

2 

1 

0 

512 



Anti-PRS 

4 

4 

4 

4 

4 

3 

0 

0 

0 

! 0 

123 



Anti-Lee 

4 

4 

4 

4 

4 

3 

0 

0 

0 

0 

128 

0 95 

0 05 

Normal 

4 

4 

4 

4 

4 

4 

3 

3 

1 

0 

512 



Anti-PR8 

4 

4 

4 

2 

0 

0 

0 

0 

0 

0 

32 



Anti-Lee 

4 

4 

4 

4 

4 

4 

2 

0 

0 

0 

256 

0 05 

0 95 

Normal 

4 

4 

4 

4 

4 

4 

3 

2 

0 

0 

512 



Anti-PR8 

4 

4 

4 

4 

4 

4 

3 

0 

0 

0 

256 



Anti-Lee 

3 

3 

3 

0 

0 

0 

0 

0 

0 

0 

16 


* Constant amount of serum was used, final dilutions ranged from 1 20 to 1 ICO, cor- 
responding to approximately 32 hemagglutination inhibition units 

r 4 = complete agglutmation, 3, 2, and 1 = partial agglutination (2 is considered end 
point) , 0 = no agglutination 

one virus was first detenmned and then compared with the degree of reduction 
demonstrable wuth the same sera and a fluid suspected of being a mixture If 
m an immune serum the decrease m titer of the unknowm was less than that ex- 
hibited with the control fluid, heterologous virus was assumed to be present 
With this method it was possible with considerable accuracy to determine the 
composition of mixtures of any two of the group of PRS, Lee, and NDV, as is 
done, for example, m table 4 with PRS and Lee It was also possible to under- 
take the study of the changes m susceptibility of chick embryos that folio f 
infection' 
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Several experunents vere performed m which 11-day-old chick embryos were 
given tv 0 mtra-allantoic moculations 24 hours apart These were given through 
a small shell hole that had been made directly over the embryo Remocula- 
tions were done through a paraffin seal over the site of the first moculation The 
volume of the first moculum was 0 1 ml and of the second 0 5 ml The mocula 


TABLE 5 

Serologic analysia of representaitie allantoic fluids from chick embryos inoculated with 

two mruses 


moctnA <cmA aiiastoic) 

2 ASDir szsusr* 

HZUACGLU' 

TINATIOS 

muiBTnos 

ZST> 

rOIKTSt 

1 

VIRUS DE1I0\- 
STRATEO 

First 


Second 1 

i 

0 1 ml 

EID 


0 5 ml 

ELD 

PR8 

NDV 



hours 







NDV 

10* » 

24 

Broth 

— 

Normal 

512 

0 

+ 






Anti-PRS 

512 








Anti-NDV 

16 



NDV 

10* 0 

24. 

PE8 

10* T 

Normal 

256 

0 

+ 






Anti-PR8 

256 








Anti-NDV 

8 



PR8 

10‘ » 

24 

Broth 


Normal 

512 

+ 

0 






Anti-PR8 

8 








Anti-NDV 

256 



PR8 

10* » 

24 

NDV 

10* * 

Normal 

512 

+ 

0 






Anti-PR8 

16 








Anti-NDV 

256 



Broth 

— 

24 

NDV 

10* » 

Normal 

512 

0 

+ 






Anti-PRS 

512 








Anti-NDV 

16 



Broth 

1 

24 

PE8 

10* T 

Normal 

1,024 

+ 

0 






Anti-PR8 

16 




1 

1 



Anti-NDV 

512 




* Constant amount of serum was used, final dilution ranged from 1 20 to 1 100, cor- 
responding to approximately 32 hemagglutination-inhibition umts 
t Reciprocal of dilution giving titration end point 


contamed large amounts of virus m order to simulate the conditions under which 
the red blood cells were treated They contamed approximately 10,000 and 
500,000 E I D , respectively, of PR8, and 100,000 and 5,000,000 E I D , respec- 
tively, of NDV Twenty -four hours after the second moculation the eggs were 
removed from the mcubator to the refrigerator and chilled before the allantoic 
flmds were collected These flmds were analyzed for vmis content by the 
method described above 
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The results presented in table 5 are representative of those obtained in numer- 
ous double infection expenments The susceptibihty of the embryo was so 
altered by whichever virus first mfected it that the secondary mtroduction of 
very large amounts of heterologous virus faded to mduce infection Unlike what 
occurred tn miro with red cells, there was no evidence that the PRS virus was 
able to infect cells that had been previously infected by NDV Indeed, a total 
of 11 embryos were given a prelunmary moculation of 100,000 E I D of NDV, 
followed after 24 hours by 500,000 E I D of PR8 When the allantoic fluids 
were removed 24 hours later, NDV was the only virus that could be detected m 
any of them Yet the controls mdicated that this amount of PE8 produced 
maximal infection m normal chick embryos 

Ziegler and Horsfall (1944), by using very large mocula comparable to those 
m the present expenments, were able to show that, although infection of chick 
embryos by PR8 uniformly mterfered with subsequent infection by Lee, a 
prunaiy infection by Lee was not always able to prevent later infection by large 
amounts of PUS Such results would seem to be consistent with what one 
rmght have predicted from agglutmation experiments ivith treated eiythrocytes 
such as are given m table 2 Consequently, the failure to show a similar cor- 
relation between the results with PR8 and NDV m the foregoing experiments 
appears significant It mdicates that different mechanisms are probably in- 
volved m mducmg a refractoiy state m red blood cells and in modifymg cells 
of chick embrjms so that a second infection is blocked It also emphasizes an 
madequacy of the hemagglutmation phenomenon as a model of virus mfections 

DISCUSSION 

The nature of the charactenstic changes that are produced m eiythrocytes by 
hemagglutmatmg viruses is still not known It has been suggested that they 
result from “exhaustion of the receptors” of the cells (Hirst, 1942) Indeed, 
Burnet et al (1946) have presented evidence that a lecithmase, if permitted to 
act for varjrmg penods of time, may modify the reactivity of red blood cells in a 
hnear fashion somewhat similar to the hemagglutmatmg viruses From this it 
was imphed, as by Hirst (1942) previously, that the exhaustion may be enzymatic 
m nature Bovamick and de Burgh (1947) have recently presented evidence 
that the receptors of eiythrocytes for the several hemagglutmatmg viruses may 
be different They prepared a hpid extract from sheep red blood cells that 
prevented agglutmation of human and chicken erythrocytes by mumps vnruo 
but not by PRS, whereas a similar extract from human red blood cells prevented 
agglutmation of these cells by both mumps and PRS Although the evidence 
IS not yet complete, it is very suggestive that m hemagglutmation there is a 
reaction betw een a component m or on the red blood cell surface and the \ mis 
that results m a permanent modification of the cell surface This modification 
appears to be specific for the hemagglutmatmg nrus 

The changes m the reactivity of virus-treated red blood cells are so striking 
that it was natural to mquire whether snnilar alterations might occur m tissue 
cells alter infection, even though the many differences between the^e two typc^ 
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of cells and in the procedures are quite obvious A simple experiment ivith 
which to seek an answ er to this question was suggested by the observation that 
cells treated v ith PRS were subsequently unable to adsorb or to be agglutmated 
by NDV, vhereas cells treated with NDV subsequently absorbed and were ag- 
glutmated by PRS virus to essentially the same degree as v ere controls There- 
fore, chick embryos \\ere infected first with PRS or NDV and subsequently 
challenged wnth large amounts of the heterologous virus Unlike the lorus- 
treated red blood cells, they manifested no selective blockmg of the second virus 
VTuchever virus was introduced first prevented infection by the second 

The foregoing findings are consistent with the results of expenments by Henle 
and Henle (1947) that also indicate a difference between the capacity of a virus 
to render red blood cells refractory to agglutination and its capacity to block m- 
fection These authors treated influenza viruses with ultraviolet light for vary- 
mg periods of time and v ere able to demonstrate that the property of blockmg 
infection could be destroyed much more quickly than the property of rendermg 
red blood cells refractory to agglutmation 

SOMaiARV 

Alterations characteristic of the virus employed take place m chicken red 
blood cells following treatment with Newcastle disease virus (NDV) and the two 
influenza viruses, PRS and Lee These changes are reflected m parallel losses 
m the adsorptive capacity and agglutmability of treated cells for fresh homo- 
logous and heterologous virus These modifications m red blood cells may per- 
sist for at least as long as 21 days The extent of the alterations is directly 
proportional to the mtensity of viral treatment When a 3 per cent suspension 
of chicken erythrocytes is treated for 17 hours at 37 C with NDV, Lee, or PRS 
viruses, the most marked changes are produced by PRS, shghtly less stnkmg 
ones follow treatment with Lee, and the least modifications foUow^ treatment 
with NDV If the cells are less thoroughly treated, the order is Lee, PRS, and 
NDV Further evidence is presented that the hemagglutmation phenomenon 
IS an madequate model for the study of viral infections The modifications m 
erythrocytes that follow treatment with NDV are not correlated with changes 
that follow infection of chick embryos by this virus Although red blood cells 
that have been treated with NDV are still capable of adsorbmg and bemg ag- 
glutmated by PRS, chick embryos that have been infected by NDV are after 
24 hours no longer susceptible to infection with os much as 500,000 embryo m- 
fective doses of PRS 
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111 a iccent pieliminuy note (Heine iiul Hamilton, 194G), we lepoited that 
cei tain bactei 1 1 of the Neit^sei la genus convei t sucrose (but not othei common 
sugaib) to a polysacchaiide icscmbhng amylopectm oi glycogen and that they 
can accomplish the synthesis without utilizing glucose-l-phosphate as an intei- 
mediate substance This bacteiial synthesis is of special mtciest because sub- 
stances belonging to the staich oi glycogen class have been geneially assumed 
(see, foi example. Con, 1945, Hassid, 194G) to lequne ghicose-1-phosphate as 
the substiate The expeiiments of the present paper deal with the occunence 
and biological piopeities of the bacteiia that bung about this synthesis and 
with some of the conditions that mfluence the production of the polysaccharide 

OCCURRENCE IN HUMAN THROATS 

The results of the follow'mg experiment illustrate the common occurrence m 
human throats of strains of Neisseria that form amylopectmhke polysaccharide 
from sucrose Swnbs of the posterior pharyngeal wall of 12 young adults were 
pressed out m 1-ral amounts of broth Two loops of each suspension were 
spread in exactly the same way over the surface of two plates of 5 per cent su- 
crose gelatin agar, one containing no penicillin and the othei contammg 0 1 unit 
per ml of commeicial crystalline penicillin G, the suciose agai was the same as 
desciibed by Niven, Smiley, and Sheiman (1941a) The plates weie incubated 
aerobically at 37 C for 2 days and then examined both for total number of 
colonies and for the number that darkened on treatment w'lth a solution con- 
tainmg 0 2 per cent iodine and 0 4 per cent potassium iodide 

The chief point m table 1 is that bacteria that produce colonies giving a dark 
maroon color ivith iodine were obtained fiom the throats of each of the 12 per- 
sons examined In the majority of instances lodophihc colonies were frequent 
on the sucrose agar plates contammg penicillin and outnumbered the other 
colonies On the medium without penicillin, except for two persons (I^ and 
He), colonies reacting with iodine weie much less frequent and w^eie greatly 
outnumbered by the nonreacting colomes This difference betw^een the plates 
that contamed penicillin and those that did not was probably due to the sup- 
pression by the penicillin of streptococci, which have been observed by others 
to inhibit the development of colonies of Neisscna on agar plate cultures of 
material from the throat The penicillm can be considered to permit the de- 
velopment of the neisseriae, and the sucrose to furmsh the substiate for produc- 
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tion of the polj'sacchai ide b3'' which the coloQies of these iieissen le ue recoguucil 
The loles of the sucrose and penicillin aie illustrated in figuie 1 Ecpi il imoiiiit- 
of a suspension of material fiom the posterioi phai\n\ of a heilth} peison wen 
inoculated on plates of four diffeient media a and b, the 5 pei tent siitiose igir 


T\BLE 1 

Occurrence in human throats of bacteria that form starchlike maicnal jroin sucrun 


PLATISC ItEDlUM 

IODINE REACTIO OF 
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7 
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IS 
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1, 1^0 IJO 


Xo color 

o; 
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1' 

1 

^1 

o| 

41 

12 

2S 


63 101) N) 

1 1 

Without pcnicil 

I Dark maroon 1 

30' 

20 

4, 

4 ' 


1 

2 

1 

li 

1 

0 

3 

0 

lin 

Xo color 1 

270' 

' 400 

100 

150 

30J 

103 

150 

3()0| 

250 

lOJ 2a0 U) 



Fig 1 louiNL Re\ction-> oi B icterivl Colonies Obtmnh) ino\i Mvthui 
FROM THE Pn\R 1 S\ OF t HevLTHF PiHsON 
(i) sucrose J^ar, (b) suorosc a^ar plub penicillin, (t ) {,lucObt a„ ir (dl loH pl"’ 

penicillin 

used m the e\peiiment of table 1, with and without ptnitillm, c iiid d, tla 'in- 
basic igai medium but with glucose instead of bUtrObC, with md without ptiiu il- 
hn Viter 2 da\s’ intubition at 37 C all four plate, were trtati 1 with lodiiit 
solution A much higher pioportion ot lodinc-toloring ( olonic, otturred on iln 
sucrObC phte tontuning penitilhn thin on the -utro-t p! itt without pttuullin 
none ot the tolonics on cither of tht gluto=t pi Ut-, d irktntd with lodint la f m - 
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Ihobo modiuinb l.u U(>d tlio Mdibli Uc (biidObc) icquiied foi pioductioii of the 
polyt iccli Hide 



Fir 2 Mlcoid CoioMts ot v Stiivin oi Poi \b iccii vniDL Forming Xeisseriv 
ON 5 Pm Cent StcnosE Gei vtin Igvr 
(a) Untreated, (b) treated with iodine 


TABLE 2 

Dcscnplnc fcalurcb of 30 slraiiis of Netsserta that produce a polysaccharide of the 
starch glycogen class from sucrose 

Source pliarj n\ and n laopliarj n\ of hcallliy people 

Morphology cocci, usually biscuit shaped pairs, predominantly gram-negative 

Nutrilion grow well on peptone media without blood or ascitic fluid 

Catalase hjdrogen peroxide decomposed, usually rapidly 

Oxidase colonics darken on treatment with dimethj 1-paraphenj lene diamine 

Pigment faint jellow colonics on glucose agar 

Temperature for gronth grow well at 37 C, also grow at 25 C 

Oxygen tension aerobic, grow poorly if at all anaerobically, often form a surface ring or 
pellicle on fluid media 

Resistance to penicillin develop rapidly in presence of 0 25 unit per ml 
Carbohydrate fermentation acid from glucose, fructose, maltose, sucrose, and rafiinose 
Acid from mannitol by 3G of the 39 strains, acid from lactose, xylose and arabinose 
bj 25 of the strains 

Polysaccharide formation iodine darkening material produced by cultures grown with su- 
crose, but not when grown with glucose, fructose, glucose plus fructose, maltose, 
raffinose, mannitol, lactose, xylose, or arabinose 
Colony appearance flat, smooth surfaced colonies on glucose agar Colonies on sucrose 
agar of about half the strains dome shaped and pearly mucoid (see figure 2), those 
of other strains not different in gross appearance from colonies on glucose agar 


GENERAL PROPERTIES OF THE BACTERIA 

Thu ty-nine strains, isolated from the throats of 17 healthy people and knoMm 
fiom piehmmaiy observations to produce lodophihc mateiial when grotvn in the 
presence of sucrose, were studied in respect to some of the taxonoimc properties 
commonly used in the description of Neissena, and also m respect to colonies on 
sucrose and glucose agai, and polysaccharide formation from various sugars 
A summaiy of the results is in table 2 
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Taxonomic piopoties Tests foi CRtahse, OMchse, and pigment weit mult 
on cultiues grown on 0 5 pei tent glucose igai Ability to giou leiobit ill\ u 
37 C and at 25 C, and m a h 3 diogen j u at 37 C, was, tested in me it mtusioa 
broth contammg added glucose and jmast e\tiact Penicillin seusitw encss w is 
tested bj^ adding minute mocula to bioth cont lining 0 25 units pei ml ot ciiat d- 
line penicillin G Tests for acid pioduction w eie made on agir si ints tout uniiig 



Fig 3 Cdltuke Fluids of v Striin of Xuisstnit ibiui i\ v Guows i\irii 

Different Slcirs 

(a) Sucrose, (b) glucose + fructose, (c) glucose, (d) a metlul glutosidt, (< ) nultosc, 
(f) lactose, (g) trehalose, (h) rallinose, (i) fructose, (j) galicto=e, (hj \jlose, (U iribiiio.L 


0 1 ii concentrations of various sugais, one pait of i steiilc 10 m solution of the 
sugar was added aseptic illj^ to nine paits of steiilizcd bisc comprising 1 per 
cent tiyptose, 0 5 per tent Difto least e\ti itt, 0 5 per tent X tCl, 0 2 pti ttiit 
XacHPOj, 0 0025 per cent phenol red, and I S pei tent igu , the tultiiu-- wm 
obsen ed ovei a period of 0 dat s 

In general, the properties of the stiains of the prtstnl tollcdion (t ibli 2j 
igree well with those described for A'tisstrm pLiJlam in fiuyty’* Manmil (1‘li‘JI, 
and for pui-poses of bre\ it\ th it name is u~ed in thi- p ipt r foi the pu -i at \ < i > 
sena EIe\ en strains ol other i iric tits ol \ eisMna belonging to tlu iilnnngt d 
group” but dilTeiing in sugir ferment ition uid some other proptiiics iiom tic 
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dofimtioii piopoNcd foi V pajlavu (iiu hiding ‘lomc Uuit toiild bo tlcib'^ificd a-i N 
caUvthalit,, V aiccc, iiid V Jlava) ueic tested and fomul to lack tin c ipacity of 
foiming stuchlikc initciid fioni siitio^e llie eight stiamt. of N ijono))heae 
ind thzee of N mcniiigdidis tint moic tcbted aKo pio\cd negatne 
Subslialc spcaficilg The s line -^ug u igai si int tultviics that wcie utilized to 
doteiininc cxpicity foi acid jiioduction weic tested foi polysau haiide pioduc- 
tion by the uldition of a few diops of 0 2 pei cent iodine solution to the shnt 
bUif ices MI bti iins gue i duk muoon loloi in the suciose igu cultuies but 
not m the (ultuics cont lining in> ol the othei eight sugais ilie mukod influ- 
ence of the piesencc of suciose in the cultiue medium is impoitant because it 
cmphmzes the distinction between the piodiiction of matenal of the stiich- 
uheogen iliss by cultiucs of \'cfi->()ta horn the long-iecognizcd phenomenon of 



Fig -1 Enter ot Sitn \ on Sccrose Broth Clltire of c Strain of 

ytliSERn IERFI,\\\ 

(a) Untreated fluid, shou ing pronounced opalescence, (b) same fluid, treited withsalivi, 
shoiung loss 01 opalescence, (c) dark color of original fluid on addition of iodine, (d) loss 
of iodine coloring capacitj of fluid treated with saliva 


production of gianules of “glvcogen” oi of “lesene caiboh 3 ’diate” bj' vaiious 
bacteria and fungi, which has nevei been related to anj'- parfciculai substrate 
The same influence of suciose is evident in broth cultuies, as showm in figuie 3, 
which illustrates the pronounced difference in lespect to opalescence between 
the culture fluids of a typical stiam giown with 0 1 concentrations of suciose 
and of 11 other common sugars 

FOR'lLATIOX OF POLV S ACCH VMDE IN SUCROSE BROTH CULTURES 

The foUownng experiment was made to compare the action on suciose of the 
collection of neissenae desciibed in table 1 wnth the action on suciose of Neissena 
strain 19-34 from which we have obtained a chemically identified amylopectm- 
Iike polysaccharide (Hehre and Hamilton, 1946), and to compaie then action 
also with that of bacteiia knowm to foim othei pol 3 Tner products (dextran and 
levan) fiom sucrose The dextran foimer emplo 3 'ed was Streptococcus group H, 
F90A (Hehie and Neill, 1946), the levan foimer was Streptococcus sahvanus, 
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S20B (Xiven, Smiley, and Shennan, 19416) Duplicate cultuies of all the stiain^ 
neie made— one series in suciose broth and anothei senes m the same basic 
bioth but -mth glucose m place of sucrose The latter as included as an aid in 
the inteipretation of the results obtained with the sucrose cultures 

The broth comprised 1 0 per cent trjptose, 0 5 pei cent XaCl, 0 2 per cent 
XaeHPO , and either 5 0 pei cent sucrose or 5 0 pei cent glucose, and was tubed 
m amounts to gue a depth of 3 cm (The production of polysaccharide bj’^ 
Neisseria cultures groinngm 5 per cent sucrose broth is greatly impaiied if the 
depth of the medium is much gi eater than 3 cm or if the cultuie is disturbed 
dunng gion-th ) The sucrose nas a selected sample of beet sugai that was rel- 
atnely fiee of mateiial precipitable b\ 65 per cent alcohol, it ^\as utihzed in 
place of leagent sucrose because most lots of the latter (XeiU, Hehre, Sugg, and 
Jaffe, 1939) contam material that would mterfere wnth some of the chemical and 
seiological tests mcluded in the experiment The glucose was sterilized separ- 
ately and added asepticallj’’ Tubes of both media were inoculated wnth the 
eqmi alent of 0 001 ml of a blood broth culture and were mcubated for 6 days 
at 37 C 

The cultures were centrifuged at 1,500 rpm for 40 mmutes and the supernat- 
ant fluids separated fiom the bactenal sediments The bactenal cells were e\- 
amined foi capacit}^ to blacken on addition of 0 2 per cent lodme reagent (test 
1), the supernatant fluids were exa min ed for opalescence (test 2), capacitj to 
gii e a visible precipitate with 1 2 \ olumes of 95 per cent alcohol w hen diluted 
1 10 with 5 per cent sodium acetate (test 3), kmd and intensity of color pro- 
duced by treatment with lodme (test 4), capacit}^ to gi% e serological precipita- 
tion with dextran- and le\ an-reactive antiserums (test 5), and the presence of 
free reducmg sugars (test 6) 

Test 4, which was made to get some idea of the relatn e amount and t 3 pe of 
pol3'5acchande present m the culture fluids, was performed b3 treatmg duplicate 
samples of 0 5 ml of supernatant flmd with 4 5 ml of 0 1 acetate buffer (pH 5 6) 
and 0 1 ml of solution containmg 1 per cent lodme and 2 per cent potassium 
iodide Each mixfure was placed m a standardized 1-cm colorimeter tube 
and its hght absoiption measured immediateh m a Ixlett-Summerson photoelectric 
colorimeter A green filter (no 54, of appioximate spectral lange 500 to 570 
mfi) was used for one mixture, a red filter (no 66, range 640 to 700 ma) for the 
other The hght absorption of the buffer lodme solution was used to set the 
zero pomt m each case In test 5 t 3 'pe II pneumococcus antiserum was used 
to detect dextrans, and antiseiiim of a lex an-formmg bacillus to detect lexans, 
the procedure was the same as that described b 3 ’^ Hehre and Xedl (1946) In test 
6 the presence of free reducmg sugars m the bactenal cultures was judged by 
heatmg 0 5 ml of the fluid xnth 2 0 ml of Benedict’s qualitatixe reagent at 100 
C for 5 min utes 

In the cultures containmg sucrose, all the strains of N perflaia formed some 
mateiial of the starch-gh cogen class as indicated (table 3) by the darkemng of 
the bacterial sediments and of the supernatant fluids on treatment with iodine 
With the majonty of the stiains a considerable amount was extracellular, the 
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fluids freed fiom the bacterial cells showed pronounced opalescence, abundant 
precipitation with 1 2 volume of alcohol, and a stiong color with iodine In 
respect to the quality of coloi with iodine, the e\ti acellular product formed by all 
the A^eisscna strains was similar to that formed by the strain (19-34) from which 
a polysaccharide chemically like amylopectin or glycogen was isolated (Ilehre 
and Hamilton, 1946) That is, the sucrose culture fluids of all the neisseriae 
gave a maroon color and showed much less light absorption in the red than m 
the green regions 

The opalescence, precipitation with alcohol and accumulation of reducing 
sugars in the sucrose cultures, and the absence of the opalescence and precipita- 
tion m the glucose cultures, which was shown by nearly all the Neisseria strams, 

TABLE 3 


Formalton of a polysaccharide of the starch glycogen class by Neisseria pertlava as shown by 
tests upon sucrose and glucose broth cultures* 


BACTEaU 

POUSAC 
Cn ASIDE 
FROU 
SUCROSE 
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STRAINS 
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Slreptococeu3 H F90A 

Dextran 


0 

+ 
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0 

0 

10 000 

0 

+ 


5 «a2iranu«, S20B 

Levan 

1 

0 

+ 

on 

0 

0 

0 
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1“ 


* Test 1 was made on the bacterial sediment, whereas tests 2 to 6 were mode on the supernatant culture fluids 
t The figures represent colorimeter scale readings 

t Dilution of culture fluid that gave precipitation 0 indicates negativ e reaction with 1 10 dilution of fluid 
S The supernatant fluids of some of the strains showed a slight (d;) opalescence and alcohol precipitate 
(I An abundant precipitate was obtained with 2 5 volumes of alcohol this did not occur ^vith the glucose culture 
fluid 


are features also of dextran and levan formation and were shown by the two 
representative strams of streptococci m table 3 The polysaccharide formation 
by the neisseriae, however, was distmguished from both dextran and levan for- 
mation by the lodme and serological tests Smee the antidextran and antilevan 
serums that were used were capable of detectmg even mmute amounts of the 
polysaccharides, the failure of the sucrose culture fluids of the neisseriae to react 
with them is good evidence that no dextran or levan was present as an accom- 
panymg substance m the Neisseria cultures ^ 

1 Although the negative tests with these serums constitute valid evidence of the absence 
of either dextran or levan, they do not furnish any evidence on the serological properties of 
the amylopectinhke polysaccharide itself When solutions prepared from sucrose broth 
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A point not shown m table 3 is that the sucrose broth culture fluids of all the 
Neissena stiams lost their opalescence and their capacity to give color with 
iodine when treated with diluted sahva This effect is illustrated in figure 4 
The lytic action of sahva (a-amylase) maybe taken as evidence that the sucrose- 
derived material is m the starch-glycogen class, although it does not exclude the 
possibility that small amounts of some other polysaccharide may also be present 

POLYSACCHARIDE PRODUCTION BY WASHED BACTERIAL CELLS 

Washed bacterial cells obtamed from glucose broth cultures, and contammg 
little or no preformed polysaccharide, were found to have the capacity of pro- 
ducmg the polysaccharide when mcubated with solutions of sucrose and were 
used in the following experiment on substrate specificity and the general mech- 
amsm Four liters of a 4-day-old culture in broth containing 0 2 per cent glucose 
were centrifuged, the Neisseria cells were washed 3 times with sterile distilled 

TABLE 4 


Properties of incubated mixtures of Neisseria cells with various substrates 


SUBSTRATE 

SEDrUENX 

SUPERNATANT FLUID 

Dark color 
with Ij 

Polysac 

charide 

Opal 

escence 

Precipi 
tate with 
1 S vols 
alcohol 

Dark 
color 
with Ij 

Polysacch- 

aride 

Free reduc 
log sugars 

Inorganic P 

Sucrose 

Glucose-l-phosphate 
Other sugarsj 

++++ 

+ 

0 

Bij per ml 

1 48 

0 13 

0 05 

-f-b-b 

0 

0 

-b-b-b 

± 

± 

-b-b-b 

0 

0 

mg per ml 

0 61 

0 08 
<0 06 

m 

mg per ml 

<0 oit 

0 04 
<0 oit 


* Eluid gave positive qualitative Ekkert (1928) test for free fructose 

t The total acid-soluble P was less than 0 05 mg per ml 

t Glucose, glucose -t- fructose, lactose, maltose, trehalose, a-methylglucoside, rafiinose, 
melibiose, melezitose 

water and finally suspended m 25 ml of sterile distilled water Equal amounts 
of this bactenal suspension were incubated at 23 C for 3 days m a mixture with 
01 m solutions of sucrose, glucose-l-phosphate, and various other sugars m 
maleate buffer at pH 6 4 The sucrose was a sample of beet sugar knoivn to be 
free of the amylopectmlike material that is present as an accompanying sub- 
stance m many lots of reagent and commercial sucrose (unpub lished observa- 

culture fluids of neisseriae (or solutions of the purified polysaccharide) were mixed with the 
diluted antiserums for the purpose of serological examination, rapid destruction of the 
atarchlike material was found to occur even though the serums had been “inactivated 
by heating at 56 C for 30 minutes The destruction, which was evidenced by loss of opales- 
cence and of capacity to darken with iodine, doubtless was due to the presence of amylase, 
it occurred with the serums of normal as well as immunized animals Conditions that wi 
prevent the amylolytic activity of serum without impainng its antibody activity will have 
to be established before serological study can be made of the Neisseria polysaccharide 
Amylolytic destruction of the test antigens may have been an unrecognized source of error 
in past work on the serological activity of polysaccharides of the starch-glycogen class 
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tions) The glucose-l-phosphate, kindly furnished by Dra Summerson and du 
Vigneaud of the Department of Biochemistry, was the crystalline dipotassium 
salt obtained from potatoes , it contained a trace of starch 

The incubated mi\tures were centrifuged and chemical analyses made on the 
bacterial sediments and the supernatant fluids The polysaccharide contents of 
the sediments ^vere determined by a micio modification of Pfluger’s (1905) method 
for glycogen, m the case of the fluids the reducing sugar contents of the precipi- 
tates obtained with 1 5 volumes of alcohol were detei mined before and after 
hydrolysis for 2 houm at 100 C byl 0 n HCl, and the amount of polysaccharide 
was calculated as 0 9 of the difference The inorganic and total acid-soluble 
phosphorus and the free reducing sugar contents of the fluids were determmed 
by the Fiske and Subbarow (1925) and the Hagedorn and Jensen (1923) methods 

The data in table 4 show that the sucrose yielded considerable amounts of 
lodine-colormg polysaccharide both in the supernatant fluid and m the bactenal 
sediment, that the glucose-l-phosphate- yielded some but much less than the 
sucrose, and that none of the other sugars yielded any demonstrable amounts 
The data obtained m this experiment with the washed bactenal cells furnished 
better evidence for the substrate specificity of the polysaccharide synthesis than 
could be obtained by experiments with growing cultures, because the concentra- 
tion of the bacterial agents and the pH were constant in all of the test mixtures 

In the sucrose test mixture in which abundant polysaccharide formation had 
occurred there was no accumulation of morgamc phosphorus, and the total phos- 
phorus concentration was low These points, together with the much greater 
yield of polysacchande from sucrose in companson to that from glucose-l-phos- 
phate, suggest that, when sucrose is the substrate, glucose-l-phosphate is not 
required as an mtermediate substance Decisive evidence was obtamed in other 
experiments conducted in the presence of high concentrations of morgamc phos- 
phate In test mixtures in which the molecular concentration of morgamc phos- 
phate was mcreased 6 or 8 times that of the substrates, the formation of polysac- 
charide from glucose-l-phosphate was suppressed, whereas the formation from 
sucrose was not inhibited 

In regard to the general mechanism of the action on sucrose, the pomts to be 
emphasized m table 4 are that the reduemg sugar liberated mto the fluid is 
fructose, as indicated by the strongly positive Ekkert (1928) test, and that the 
amount of the reduemg sugar corresponded reasonably well with the amount of 
polysacchande in the fluid plus that m the sediment These features suggest 
that the synthesis of amylopectinhke polysacchande by the neissenae is the 
same general type of reaction as the synthesis of dextran by Leuconostoc enzymes 
(Hehre, 1943, 1946), that is, that n molecules of sucrose are converted to n 
molecules of fructose plus polysacchande contammg n glucose anhydnde umts 

’ The capacity to form starch from glucos^l -phosphate is influenced by the conditions 
of growth of the cultures from which the resting cells are obtained When obtained from 
agar slant cultures or from cultures grown m broth containing higher concentrations of 
glucose, the bacteria were more reactive with glucose-l-phosphate than were the resting 
cells used in the experiment presented in table 4 
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^rthei work with cell-free enzyme systems is now m progress to obtain more 
defimte information on the mechamsm 

DISCUSSION 

The experiments dealt with the formation of polysaccharide material of the 
starch-glycogen class by certam neisseriae from human throats The capacity 
was possessed both by cultures in nutrient media and by suspensions of washed 
cells A prominent feature was the substrate specificity m systems containing 
sucrose abundant amounts of the polysaccharide were produced, m systems con- 
taining glucose-l-phosphate some, but much smaller amounts, were formed, none 
of the other sugars tested yielded any of the polysaccharide The pronounced 
preference for sucrose in comparison to other common sugars distmguishes the 
polysaccharide formation by these tj^pes of Neisseria, not only from the produc- 
tion of mtraceUular granules of lodme-colonng “reserve carbohydrate,” which 
has long been known to occur with various bacteria and fungi, but also from the 
production of extracellular amylose by Torulopsis recently reported by Mager 
and Aschner (1947) 

Neisseria strains possessing the capacity of synthesizmg starchlike polysac- 
charide from sucrose are apparently common m human throats They repre- 
sent a larger part of the normal flora than would appear on the usual blood agar 
plate culture because the development of them colonies is inhibited by accom- 
panymg streptococci A selectively inhibitory medium is requued to reveal the 
real frequency of their occurrence, in our experiments sucrose agar contammg 
penicillm was used The polysacchande-forming neisseriae that we examined 
were reasonably similar to one another in respect to taxonomic properties and 
agreed fairly well ivith the definition of Neisseria perflava m Bergey’s Manual 
(1939) It does not follow of course that there is a regular correlation between 
the polysacchande-formmg property and the taxonomic properties descnbed 
for the present Neisseria species However, there is a need for new features 
m the differentiation of the “pharyngeal” group of Neisseria, and simple tests 
for the production of lodine-coloring polysaccharide from sucrose might prove 
useful in the description of strains 

Smce sucrose and polysaccharides of the starch class are abundantly distri- 
buted m nature and constitute our pimcipal source of carbohydrate food, any 
reaction by which one is converted mto the other is of general biological mterest 
In the case of the Neisseria reaction, sucrose seems to be converted to amylopec- 
tinlike material by a process of polycondensation of the glucose umts and libera- 
tion of the fructose umts Glucose-l-phosphate is not required as an mtermed- 
late substance, contrary to the current behef that all substances belonging to the 
starch or glycogen class are necessarily formed from that phosphorylated sugar 
Nevertheless, the synthesis of amylopectmhke polysaccharide by the neisseriae 
and the syntheses of starch and glycogen by the plant and animal phosphorylasw 
have the same fundamental pomt of sunilanty previously shown between starch 
synthesis by the phosphorylases and dextran synthesis by Leuconosloc enzymes 
(Hehre, 1943) That is, the substrate (sucrose or glucose-l-phosphate) in each 
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instance contains the basic unit of tlio final polymer product in the form of a 
glucoside radicil that is exceedingly easily split off with acids Our previous 
studies (1943, 194G) with enzymes from L mcscnleroidcs and with resting cells 
of jY peijlaia, togethci with the w’ork of Hestrm and Avineri-Shapiro (1944) 
w’lth levansuciase from Acrobadci Icvanicum, established the fact that sucrose 
enters reactions in which its glucoside and fructoside units are transferred, ap- 
parently w ithout the mediation of phosphorylatcd compounds, to polysaccharides 
of several tj’^pes (dextran, levan, and amylopectmhke material) Moie recently 
it has been show n that the glucoside unit of sucrose can be transferred to disac- 
charides as well as to polysacchaiides (Doudoroff, Baiker, and Hassid, 1947) 
Taken together, all of the foregomg studies, made wath bacteria or wath bacterial 
enzymes, show that sucrose is a veisatile donor of glycoside groups, and it is of 
mterest to speculate on whethei glycoside tiansfer reactions involving sucrose 
occur m plant or animal tissues, and especially whether reactions like that de- 
scribed m the present paper may not have importance m plant metabolism 
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SUJQIARY 

Certam types of Neisseria commonly occurring in the normal throat and naso- 
pharynx and belonging to the species N perflava (Bergey et al ) have been found 
to form large quantities of a polysacchaiide of the starch-glycogen class when 
grown wath sucrose None of the polysaccharide w'as produced when other com- 
mon sugars were substituted for sucrose, so that the present phenomenon is 
obviously different from the long-kno^vn production of “reserve carbohydrate” 
by various bacteria and fungi, but closely resembles the traditional “viscous 
fermentation” of sucrose mvolved in the formation of polysaccharides of the 
dextran and levan types From the results of experiments with washed bacterial 
cells as well as with actively growmg cultures it appears that the s 3 aithesis repre- 
sents a polycondensation reaction of sucrose mvolvmg the transfer of glucoside 
groups to polysacchande, with the liberation of free fructose, m a way 
similar to that shoivn for the synthesis of dextran from sucrose by enzymes 
from Leueonostoc mesenteroides 
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2,3-Butylene glycol is a fermentation product that can be obtained, m good 
yield, from a large variety of carbohydrate substrates A study of the 2,3- 
butylene glycol fermentation was made during the war because the glycol could 
serve as a startmg material for the production of butadiene This work has been 
presented m reports exchanged among laboratories engaged in butylene glycol 
research 

The development of butylene glycol feimentation has been treated by Ledmg- 
ham, Adams, and Stanier (1945) To bring their review of the literature to date 
it IS necessary to add the work of Perlman (1944) on the production of glycol from 
wood sugar and the woik of Ward, Pettijohn, Lockwood, and Coghill (1945) on 
the production of glycol from acid-hydrolyzed staich 

The bacterial strain, Aerobacter aerogenes 199, used in all of the experiments 
was obtained from the Northern Regional Research Laboratory at Peoria, Ilh- 
nois The products that this organism produces vary Avidely with the conditions 
under which it is grown An anaerobic fermentation of 100 millimoles of glucose 
by this organism yielded 42 4 mii of 2,3-butylene glycol, 79 mM of ethyl alcohol, 
1 5 mM of acetoin, 12 8 mM of acetic acid, 8 5 mM of formic acid, 16 8 mAi of lactic 
acid, 7 4 noM of succmic acid, 139 mM of carbon dioxide, and 41 6 mM of hydrogen 
(Olson, 1945) 

Any variation of the fermentation conditions brings about a change m the 
amount of the mdividual products formed Mickelson and Werkman (1938) 
using Aerobacter tndologenes found that pH has a marked effect on the fermenta- 
tion products When the pH of the fermentation was mamtamed above 6 3, 
the result was an accumulation of acetic and formic acids, a decrease in the 
amount of carbon dioxide and hydrogen hberated, and a lowenng of the yield of 
2 , 3-butylene glycol and acetoin Kluyver and Scheffer (1933) found that higher 
concentrations of carbohydrate could be fermented with a decreased fermentation 
tune if air was passed through the medium Under aerobic conditions there was 
a marked change m the product distnbution from that of the anaerobic fermenta- 
tion 

Under optimum conditions 80 mM of 2,3-butylene glycol and 1 8 mM of acetom 
are formed per 100 mM of glucose fermented The ratio between the two varies 

* Published with the approval of the Director of the Wisconsin Agricultural Experiment 
Station This investigation was supported in part by a grant from the Heyden Chemical 
Corporation, Garfield, New Jersey We are indebted to F B Gailey for assistance in 
several of the experiments 
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with the amount of air passed through the fermentation The glycol has been 
found to be converted to acetom m the presence of the organism when large vol- 
umes of air are passed through the fermentation after the sugar has disappeared 

METHODS 

Analytical The sugar determmations were made by the Shaffer-Somogyi 
(1933) method and were corrected for the presence of acetom The starch con- 
tent of the gram used is expressed as glucose and was determmed by both the 
A 0 A C direct acid hydrolysis method and the A 0 A C diastase-acid method 

The acetom present m the fermentations was determmed by a modification of 
the method of Langlykke and Peterson (1937) It was found that an undiluted 
sample distilled m the Duclaux apparatus frothed excessively The amount of 
acetom present m the fermentation liquor was so low that to be withm the range 
of the determination it was necessary to use an undiluted sample Therefore the 
method was revised to measure smaller amounts The fermentation liquor could 
then be diluted before distillation and frothmg was ehminated A sample con- 
taming from 0 2 mg to 1 0 mg of acetom was pipetted from the third quarter of 
the distillate into a |-by-8-mch test tube To this were added 2 ml of 1 n sodium 
hydroxide and 5 ml of 0 02 n iodine solution After 10 mmutes the sample was 
acidified and titrated with 0 005 n sodium thiosulfate It was found that 2,3- 
butylene glycol interfered with the determmation, but if the sample was distilled 
twice, the low distillation constant of the glycol and the high distillation constant 
of the acetom increased the ratio of the acetom to the glycol so much that the 
mterference by the glycol was insignificant 

2,3-Butylene glycol was determmed by the penodate oxidation method of 
Johnson (1944) on the extract after ether extraction at pH 6 It was found that 
fermented wheat mashes frothed excessively durmg the ether extraction To 
avoid this difficulty the samples were treated as follows 3 ml of a 20 per cent 
copper sulfate solution and 2 ml of a 20 per cent calcium hydroxide suspension 
were added to 10 ml of sample m a test tube After thorough nuxing, the samples 
were heated for 10 mmutes m a boiling water bath and centrifuged Five ml of 
the supernatant were pipetted mto the sample cup of the ether extraction appa- 
ratus and extracted for 18 hours The glycol was then determmed on the ex- 
tract The copper sulfate and calcium hydroxide treatment has the advantage 
that the acetom is destroyed quantitatively The method gives an over all 
recovery of approximately 102 per cent as mdicated m table 1 Table 2 shows 
the destruction of acetom by the treatment 

This method was used to analyze all wheat mash fermentations imtil the foUow- 
mg method was developed by David Blake at the Umversity of Wisconsm (Olson, 
1945) Blake’s method may be used for determmmg both 2,3-butylene glycol 
and acetom and is probably somewhat more specific for the glycol than the meth- 
ods commonly used The apparatus used is diagrammatically represented m 
figure 1 Steam entenng the jacket forces the 0 5-ml sample m the sample cup 
up mto the sample column, where it is intimately mixed with the steam, whic 
volatihzes the glycol and acetom In the wash column, which contains water. 
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the glycol is removed from the steam, but the acetom passes through to the col- 
umn contammg acidified potassium periodate Here the acetom is oxidized to 

TABLE 1 


Effect of copper sulfate and calcium hydroxide treatment on glycol recovery 


SAMFLS 

j 

GLYCOL PK£SEHT 

APPABENT GLYCOL 
CONTENT AFTEB 
PBECIPITATION AND 
EXTBACnON 

XECOVEBY 

• 

t/i 

s/r. 

per cent 

Glycol and water mixture 


23 37 


Glycol and water mixture 


23 43 

102 4 

Fermented culture 


35 60 

103 0 

Average 



102 4 


* Determined before extraction 

t Determined after the extraction of a diluted aliquot in a large extractor 


TABLE 2 


Destruction of acetom by copper sulfate and calcium hydroxide treatment 


OUCtHAL ACETOIN COhCENTBATlON 

ACETOm APTES TMAIUENT* 

DESTBUenON 

t/L 

t/L 

per cent 

10 52 

0 10 

99 0 

10 52 

0 11 

99 0 

21 06 

0 00 

100 0 

21 06 

0 00 

100 0 

42 12 

0 04 

99 9 

42 12 

0 02 

99 9 


* Corrected for dilution by reagents 



Fia 1 Blake’s Apparatus for Determination of 2,3-Butylbne Glycol and Acetoin 

A, steam inlet, B, sample tower, C, sample cup, D, wash column, E, periodate column, F, 
jacket 


acetaldehyde, which is distilled into bisulfite solution m the receiver and deter- 
mmed in the usual manner (Johnson, 1944) Acidified potassium periodate solu- 
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tion IS now added to the wash tower, and the distillation contmued The acet- 
aldehyde resulting from the glycol oxidation is caught in the bisulfite solution and 
titrated 

In actual practice the wash tower consists of seven sections, each consisting of 
a tube (12 by 150 mm) with hemisphencal indentations Each tube contams 
about 1 5 ml of water Because of the large difference in steam volatility of 
acetom and glycol, the acetoin progresses through this fractionatmg system much 
more rapidly than does the glycol The acetaldehyde from the acetom is re- 
covered in the first 15 ml of distillate, acidified potassium periodate is then added 
to the wash tower and the acetaldehyde from the glycol is recovered m the next 

TABLE 3 


Comparison of Blake's method for bvtylene glycol determination with Johnson’s method 


CULTDBE 

(FEaHENTED \VHZAX HASH) 

BTTTYXENE GLYCOL CONTENT 

PIPTEfiENCE 

Stake s method* 

Johnson's method f 


sIL 

e/L 

per cent 

I 

38 9 

39 6 

-fl 5 


39 1 



Avg 

39 0 



ir 

37 7 

36 3 

0 


35 5 




35 6 




36 4 

! 



Avg 

36 3 



III 

37 0 

37 9 

+0 5 


38 1 




37 9 



Avg 

37 7 




* Recovery of 98 3 per cent of the glycol in the second fraction was assumed 
t Average of duplicate determinations, corrected for acetoin 


25 ml The seven-section wash tower is not quite adequate for complete separa- 
tion of glycol and acetom, but the distillation is so reproducible that a small 
correction factor may be safely applied The accuracy of the method is indicated 
in table 3 

Hydrolysis The wheat used was a standard grade of Dark Northern Spring 
no 2 and was obtamed from the Commodity Credit Corporation The fineness 
of grmd IS mdicated m table 4 The starch content of the wheat, expressed as 
glucose, was 73 2 per cent by the A 0 A C diastase-acid method and 80 1 per 
cent by the A 0 A C direct acid hydrolysis method All values are expressed 
on a dry gram basis 

The followmg is an outlme of the procedure used for hydrolysis of raw wheat 
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mashes m the cooker shown m figure 2 One and one-half liters of a 25 per cent 
wheat mash were placed in a pyre\ battery jar, Corning 6940 Hydrochloric 


TABLE 4 

Fineness of grind of the wheal used for hydrolysis 


1 

U£sa or scanEU 

WHEAT PASSIKO THEOUCH SCEEEK 


per cent of total 

20 

57 0 

40 

18 0 

60 

9 5 

SO 

11 25 

100 

4 0 



Fig 2 Appaea.tu8 fob Agitated Acid Hydrolysis of Wheat Mashes 

A, hydrolysis chamber, B, glass reaction vessel, C, C', stainless steel propellers, D, 
stainless steel shaft, E, lower bearing with packing gland, F, thermometer well, G, reaction 
vessel supports to allow passage of steam and air around bottom of reaetion vessel , H, steam 
director to prevent the condensed steam from diluting the mash, I, outlet to permit the dis- 
placement of the air by steam at the beginning of hydrolysis, J, outlet to blow down conden- 
ser which was not used in this work, K, upper bearing and packing gland of stirrer, L, L', 
ball bearings of stirrer, M, step pulley to vary speed of stirring, N, pressure gauge, O, air 
inlet, P, steam inlet, Q, reducing valve used to regulate the steam pressure in the chamber, 
R, outlet used in cooling 


acid was used at a concentration of 0 19 n The pyrex jar contammg the mash 
was then placed m the hydrolyzer After the cover was closed, steam was intro- 
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duced through steam miet H The air present and the condensate formed during 
the heatmg time were allowed to escape through valve R The stirrer, consisting 
of two three-bladed propellers, one and one-half mches m diameter, revolved at 
1,150 rpm The time required for the mash to reach temperature vaned with 
the pressure of hydrolysis, from 2 mmutes at the lower pressures to 3 mmutes at 
the higher pressures The holding time has been vaned at each pressure At 
the end of the holdmg time the steam was turned off, high-pressure air was intro- 
duced through H, and at the same time outlet valve B was opened as much as 
possible without lowermg the pressure m the chamber below that used dunng 
hydrolysis The cooling time (to 100 C) vaned between 10 and 15 minutes de- 
pendmg upon the pressure used for hydrolysis This method of coohng made it 



Fig 3 Appabatus for Acid Htdboltsis of Wheat Mashes without Agitation 

A, steam chamber, B, 500-mI flask, C, beaker for prevention of dilution of mash from 
condensed steam, D, D', supports for flask to permit more even heat penetration, E, con 
densate outlet valve, F, steam inlet, G, reducing valve, I, air inlet 

possible to recover the mash quantitatively, so that the amount of gram per hter 
of mash was accurately known 

Stationary acid hydrolyzer The hydrolyses run m the hydrolyzer shown m 
figure 3 were done by a procedure similar to that used m the hydrolyzer m figure 
2 with the foUowmg exceptions (1) no stimng was used, and (2) the mash volume 
used was 200 ml m a 500-ml Erlenmeyer flask with a beaker covermg the mouth 
to prevent the accumulation of condensate m the mash 

Fermentation All glucose fermentations were run in 5-gallon glass bottles as 
shown m figure 4 The volume of medium fermented was 12 hters The med- 
ium as devised at the Northern Regional Research Laboratory contamed (m g 
per hter) glucose, 100, MgSO^ THjO, 0 25, KH2PO4, 1 8, urea, 2 0, CaCOj, 5 0 
The KH2PO4, urea and CaCOa were sterilized mdmdually and added at the time 

of moculation -n j * 

Forty ml of sterile “vegifat” Y (antifoam produced by the National Oil Products 
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Company) were added to the fermentation at the time of inoculation and, in 
addition, 10-ml quantities were added as required “Vegifat” Y appeared to be 
to\ic A\hen large amounts were required to keep the froth under control One 
fermentation was run with 3 per cent octadecanol in lard oil This antifoam did 
not show any to\ic effect (table 6) Figure 5 shows the decrease in yield per hour 
of glycol with mcreased amounts of “vegifat” Y The temperature was automat- 
ically controlled The temperatuie fluctuations could be himted to 0 5 C 



Fig 4 Appabatus fob Pboduction of 2,3-Butylbnb GlycoIi bt the 
Slow-Feed Method 

A, 5 gallon glass carboy, fermentation vessel, B, kidney-shaped canvas aerator, C, 
temperature control well with mercury thermostat, D, separatory funnel with tube reaching 
below surface of liquid used for sampling and the addition of antifoam, E, cotton-filtered 
air outlet, F, cotton filled air sterilizer, G, flowmeter to measure flow of liquid from I, H, 
inlet for saturated air from flowmeter, I, 9-liter serum bottle with sugar concentrate for 
slow feed fermentation, J, filtered air inlet, K, perforated copper ring used for cooling, 
L, primary relay for temperature control, M, cock for regulating the flow of sugar con- 
centrate 


Slow-feed fermentations were run to determme the concentration of glycol that 
could be reached before the fermentation was inhibited Durmg the slow-feed 
fermentations the solution m the 9-hter serum bottle (figure 4, 1) contamed 450 g 
per hter of glucose, and potassium phosphate and urea m the same proportion to 
the glucose present as m the regular fermentation medium This concentiate 
was added throughout the fermentation at such a rate that the sugar concentra- 
tion m the fermenter remained close to 3 per cent 
For the fermentation of the acid-hydrolyzed wheat mashes the cooled magh 
was adjusted to pH 6 with sodium hydroxide and diluted to 12 to 18 g per 100-ml 
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concentration One-hundred-ml aliquots of the diluted mash m 500-inl Erlen 
meyer flasks were autoclaved at 15 pounds’ steam pressure for 30 mmutes To 
each flask, after bemg cooled to 30 C, were added 0 5 per cent CaCOj 0 3 per 
cent urea, and 5 ml of inoculum The moculum medium used was 12 per cent 
acid-hydrolyzed wheat mash with 0 5 per cent Difco yeast extract, 0 3 per cent 



Fig 5 Effect of Amount of Antifoam Added 


TABLE 5 

Comparison of three types of unaerated inocula 


INOCDLUil DATA 

rZEilENTATION DATA 

Type of 
inoculum 

Plate count of 
second stage 
of inoculum 

Sugar used m 
1st 12 hours 

Sugar used 

finally 

Plate count 
(24 hours) 

Glycol yield 
on sugar used 

AccAJin yield 
on sugar used 


tntllton 

g/lOO ml 

per cent 

mtllton 

per cent 

per cent 

A 

720 

2 3 

100 

1,840 

36 

0 7 

B 

950 

2 12 

100 

1,850 

36 2 

1 8 

C 

550 

0 38 

55 

740 

— 

— 


A First stage 30-ml volume — beef extract, 3 g, tryptone, 5 g, yeast extract, 10 g, malt 
sprouts, 10 g, urea, 2 g, calcium carbonate, 12 g, and water to make one bter Second 
stage 320-ml volume — same as first stage 

B First stage 30-inl volume — cerelose, 100 g, corn steep, 5 g, calcium carbonate, 5 g, 
yeast extract, 10 g, extract of 20 g of malt sprouts, and water to make one liter Second 
stage 320-iqI volume — cerelose, 100 g, corn steep, 5 g, calcium carbonate, 5 g, extract of 
10 g of malt sprouts, and water to make one liter 

C First stage 30-ird volume— cerelose, 100 g, corn steep, 5 g, calcium carbonate, 5 g, 
and water to make one liter Second stage 320-ml volume— same as first stage 


urea, and 0 5 per cent CaCOa added The moculum medium was seeded mth 
Aerobacter aerogenes 199 from an agar slant and shaken for approximately 18 
hours The moculated flasks were shaken for 30 hours at 30 C The fermenta- 
tions M ere stopped at 48 hours by steammg The shaker used mo\ ed the flasks 
horizontally a total stroke distance of 10 5 cm, completmg 94 cycles per minute 
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EXPERIMENTAL RESULTS 

Five-gallon bottle fermentations A 3 per cent inoculum was used m all cases 
The type of inoculum medium was varied and found to have a marked effect upon 
the starting time of the fermentation This was particularly noticeable when the 
inoculum was not aerated The compositions of three inoculum media are given 
m table 5 The rate at which the fermentation started is indicated in table 5, 
m the column showing the amount of sugar utilized during the first 12 hours It 
was found later that an enriched inoculum medium was not needed if the inoc- 
ulum was aerated during incubation 


GLYCOL 

ACETOIN 

AIR SUGAR 



2,3 BUTYLENE GLYCOL G/L 

ACETOIN G/L 

— ^ AIR CU FT PER HR 
-0-^ TEMPERATURE C 

SUGAR g/IOOML 

pH 

Fig 6 Graph of a Typical Glycol Fermentation 

The course of a typical glycol fermentation is shown m figure 6 Only a small 
amount of sugar is utilized during the first 12 hours Durmg the next 24 hours 
the fermentation proceeds at a rapid rate The pH drops from 5 9 to 5 25 during 
the first 36 hours and then nses throughout the remainder of the fermentation 
The temperature at which the fermentation takes place has a marked effect on 
the glycol production Thirty degrees Centigrade appeared to be the optimum 
temperature This maybe an artifact, however, since at the higher temperatures 
frothing became more persistent and made it necessary to add larger amounts of 
“vegifat” Y The decreased yields might have been due to the mcreased mhibit- 
mg effect of the larger amounts of antifoam agent 
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It can be seen from table 6 that the aeration rate that gave the best results was 
15 cu ft per hour for the first 1 2 hours, 10 cu ft per hour during the next 24 hours 
and 5 cu ft per hour until the end of the fermentation At 30 C this aeration 


TABLE 6 


Data obtained from 5-gallon bottle fermentations 


HUN NO 

INOCU- 

LUU 

SUGAS USED 

GLVCOL 
BY WT ON 
SUCAHUSCC 

ACETOIN 
BY WT ON 

sugah usee 

FERiteNTA- 
TION TliiE 

VECIfAT 
Y ADDED 

TEIIPZH 

ATOEE 

AEHATION 

FINAIP2 



ter cent 

per cent 

per cent 

hours 

tnl 

degrees C 



1 

c 

82 

31 6 

8 84 

60 

40 

30-31 

I 

6 1 

2 

c 

98 

40 0 

1 0 

48 

40 

30-31 

II 

6 1 

3 

c 

98 

24 4 

7 4 

48 

40 

29 5-36 

I 

7 37 

4 

c 

97 

24 4 

7 45 

48 

45 

29 5-36 

II 

6 37 

5 

c 

99 

37 5 

0 52 

48 

50 

30 

I 

5 S3 

6 

G 

98 6 

36 1 

1 08 

48 

50 

30 

II 

5 00 

7 

C 

63 5 

37 2 

0 

60 

70 

30 

II 


8 

C 

64 6 

25 3 

0 

60 

70 

30 

II 


9 


89 

38 2 

0 

60 

70 

30 

II 


10 

B 

73 2 

36 6 

0 

50 

70 

29-30 

III 

5 58 

11 

B 

Froth 

ed out 







12 

B 

85 

33 4 

0 

60 

70 

29-30 

II 

5 34 

13 

B 

91 2 

30 9 

1 9 

50 

70 

30-35 

II 

5 21 

14 

B 

87 8 

29 3 

1 7 

60 

70 

30-35 

II 

5 30 

15 

B 

86 5 

30 6 

1 6 

50 

70 

30-35 

III 

5 25 

16 

B 

82 3 

37 6 

0 

72 

70 

33 5-35 

II 

5 60 

17 

B 

97 5 

32 4 

1 6 

42 

80 

33 5-35 

IV 

5 32 

18 

B 

88 1 

35 12 

0 

48 

70 

33 5-35 

II 

5 4 

19 

B 

100 

36 2 

1 8 

52 

50 

33 5-35 

II 

5 75 

20 

A 

100 

36 0 

0 7 

48 

50 

33 5-35 

II 

5 75 

21 

C 

90 7 

42 

0 

81 

50 

30 

II 

5 83 

22 

C 

98 8 

39 

0 

72 

50 

30 


5 33 

23 

C 

98 8 

39 

0 

72 

50 

30 

■ 1 

5 60 

24 

C* 

99 8 

40 5 

0 

44 

25t 

30 


5 8 

25t 

D 

95 

38 2 

0 63 

33 

30 

30 

III 

5 5 


Aeration I — 10 cu ft per hour throughout fermentation, II — 15 cu ft per hour for first 
12 hours, 10 cu ft per hour next 24 hours, and then 5 cu ft per hour to the end of fermenta- 
tion, III — 10 cu ft per hour first 36 hours, 5 cu ft per hour to the end, IV — 23 cu ft per hour 
first 30 hours then 5 cu ft per hour to the end of the fermentation 
* Aerated 

t Three per cent octadecanol in lard oil was used instead of “vegifat" Y 
t This was a fermentation of a 12 g per 100 ml acid-hydrolyzed wheat mash The condi- 
tions of hydrolysis were the same as those of runs 25 and 26 in table 9 The inoculum also 
was the same as that used in all hydrolyzed gram fermentations 


rate, compared with one of 10 cu ft per hour throughout the entne fermentation, 
gave a higher average yield of glycol and a lower average yield of acetoin, as may 
be seen from table 6 

The slow-feed fermentations described m table 7 were run at 30 C Runs A2 
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and A3 sho^\ ed that by the slow addition of a sugai concentrate over a period of 
108 hours, over 2G5 g of glucose per litei of beer woie fermented yielding a solution 
containing approvimatcly 9 8 per cent glycol The amount of glucose fermented 
was appioximatcly the same as that reported by Christensen (1944) At the 
beginning the 5-gallou bottles contained 4 69 liters of glucose solution at a con- 
centration of 5 925 g pel 100 ml Fermentation was allowed to proceed until the 
sugar concentiation was appioximately 3 pei cent (at 20 hours) and kept near 3 
per cent thereafter by a slow addition of sugar concentrate The average yield 
of glycol and acetom in runs iV2 and A3 u as 42 1 per cent, based on the weight 
of the glucose fermented It may be seen by comparing tables 6 and 7 that the 
glycol was formed at the same rate m the sloi.-feed fermentation as in the regular 
batch fermentation 


TABLE 7 


Concenlralions of glycol altaincd tn slow feed fermentations 


SUK KO 

SUCA2 

TE&UENTEO 

rZRUENTATION 

TIME 

COhCENTttATIOlf 

OF CL\COL 
ATTAINEO 

ACETOIN ! 

rOftUED 1 

VIELD OF CL\COL 
AM> ACXTOIN OM 
WT OP SUGAR USED 

AERATIOK 



kaun 

til 

sIL 

per cent 


A1 

106 


76 3 

3 2 

38 0 

A 

A2 

265 

■EH 

99 04 

9 32 

41 9 

A 

A3 

266 

108 

96 7 

14 37 

42 3 

B 

A4 

184 

84 

60 5 

0 

32 9 

C 

A5‘ 

194 

108 

89 2 

0 

46 0 

B 


Aeration A — 15 cu ft per hour for first 14 hours, 10 cu ft per hour thereafter, B — 20 cu 
ft per hour first 12 hours, 10 cu ft per hour nett 4 hours, 7 3 cu ft per hour thereafter, C — 15 
cu ft per hour for first 12 hours, 5 cu ft per hour next 10 hours, 2 cu ft per hour next 2 hours, 
no air next 16 hours, 5 cu ft per hour to end of fermentation, D — 15 cu ft per hour first 10 
hours, approximately 5 cu ft per hour thereafter 

* The glass tubes used in aeration and sampling were replaced by galvamzed iron pipes 

Hydrolyzed gram fermentaiions A number of hydrolyzed gram fermentations 
m which the hydrolysis was performed in the hydrolyzer of figure 3 are summa- 
nzed in table 8 In all these hydrolysis expenments a uniform mcrease was made 
in the concentration of acid for each mcrease of gram mash concentration between 
the acid concentration of 0 132 n for a mash and 13 46 g per 100 ml and 0 264 n 
for a mash of 35 88 g per 100 ml Table 8 and figure 7 show the marked decrease 

m glycol yield with mcreasmg mash concentration It may be seen from the 
table that hydrolysis at a high mash concentration gave a good yield only if the 
fermentation was carried out at a low concentration Run 9 gave a poor yield, 
but when the mash was diluted before fermentation (run 10) the yield was equal 
to that obtamed m other runs at the same mash concentration (runs 3 and 4) 
The optimum hydrolysis conditions for the hydrolyzer of figure 3 were found 
to be 50 pounds’ pressure for 30 nunutes at the acid concentration of 0 132 n 
with a mash of 13 46 g per 100 ml A mash hydrolyzed imder these conditions 
when fermented gave an average yield of 24 9 g of glycol per 100 g of gram 
With the hydrolyzer m figure 2 a mash better suited for fermentation was ob- 
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tamed The stirrmg durmg hydrolysis decreased the required time of hydrolysis 
to one-third This may be seen by comparmg runs 1 and 2, table 8, with runs 
17 and 18, table 9 The mash hydrolyzed (unstirred) at 50 pounds for 30 mmutes 


TABLE 8 


Effect of Ttiash concentration on fermentability 


&UK NO 

HYDROLYSIS 

INCDBATION 

APPARENT SUGAR 

GLYCOL 

YIELD 

iTsu. pH 

HCl cone 

Mash cone 

Total 

tune 

Tunc 

aerated 

Original 

Final 


N 

S/IQO ml 

hr 

kr 

l/lOO ml 

g/!00 ml 

g/JOO g dry 
grain 


1 

0 132 

13 46 

48 

30 

8 95 

0 

26 22 

5 65 

2 

0 132 

13 46 

48 

30 

9 75 

0 

23 63 

6 18 

3 

0 149 

17 94 

48 

30 

10 89 

0 71 

21 68 

5 73 

4 

0 158 

17 94 

48 

30 

12 50 

1 40 

22 00 

■ 6 28 

5 

0 167 

22 46 

48 

30 

13 03 

1 85 

19 03 

5 84 

6 

0 185 

22 46 

48 

40 

15 13 

5 30 

15 40 

5 85 

7 

0 185 

26 91 

48 

30 

15 08 

3 05 

12 00 

5 85 

8 

0 211 

1 26 91 

54 

48 

15 41 

11 41 

7 41 

5 60 

9 

0 264 

35 88 

54 

48 

16 91 

15 21 

1 12 

5 00 

10* 

0 264 

35 88 

14 94 

48 

40 

8 45 

1 02 

21 96 

6 05 


Hydrolysis pressure, 50 pounds, hydrolysis time, 30 minutes, mash unstirred 
* Mash was diluted to twice its volume 



Fig 7 Effect of Mash Concextbation' ov Glycol Yield 

when fermented gave a glycol yield of 2'1 9 g per 100 g of gram A mash stirred 
while bemg hydrolyzed at 50 pounds for 10 mmutes when fermented gave a 

glycol 3 rield of 24 4 g per 100 g of gram 

The data obtamed from a series of stwred hydrolyses indicate that at the acici 
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TABLE 9 


Effect of hydrolysis conditions on glycol yield 


aUN NO 

n\D10USlS TQtZ 

STEAU pa£5Sn££ 

CL\COL ^lELD FE: 

FUsLA 

s 100 c Day caAm 

Flask B 


min 

lb per sq m 

t 

r 

1 

14 

25 

21 05 

21 78 

o 

18 

25 

22 69 

23 00 

3 

22 

25 

18 95 

18 24 

4 

8 

30 

19 75 

19 77 

5 

10 

30 

22 80 

21 95 

6 

14 

30 

22 60 

21 90 

7 

18 

30 

25 48 

24 58 

S 

22 

30 

19 90 

19 77 

9 

6 

40 

20 25 

19 SO 

10 

8 

40 

22 35 

23 95 

11 

10 

40 

22 SO 

22 91 

12 

14 

40 

21 44 

25 43 

13 

18 

40 

27 81 

28 33 

14 

22 

40 

23 80 

24 60 

15 

6 

50 

20 67 

20 79 

16 

8 

50 

24 52 

24 56 

17 

10 

50 

24 99 

23 75 

18 

10 

50 

24 23 

24 50 

19 

12 

50 

24 81 

24 74 

20 

14 

50 

25 42 

25 50 

21 

14 

50 

25 57 

25 40 

22 

18 

50 

j 

26 60 

28 82 

23 

6 

60 

23 52 

22 62 

24 

8 

60 

23 94 

23 92 

25 

10 

60 

28 63 

28 40 

26 

10 

60 

27 00 

26 80 

27 

12 

60 

29 00 

28 50 

28 

14 

60 

25 00 

25 49 

29 

6 

70 

21 40 

22 43 

30 

8 

70 

27 61 

27 20 

31 

10 

70 

23 25 

23 59 

32 

14 

70 

22 57 

22 75 

33 

6 

85 

20 72 

19 70 

34 

8 

85 

24 12 

24 40 

35 

10 

85 

22 93 

23 00 

36 

6 

100 

19 70 

19 85 

37 

8 

100 

24 44 

24 46 


Mash cone , 13 46 g per 100 ml Acid cone , 0 19 n HCl 
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concentration of 0 19 n only pressures between 40 and 70 pounds yielded hydrol- 
yzates that could be fermented to give 28 or more g of glycol for each 100 g of 
grain Hun 27 in table 9 in which a yield of 29 g of glycol per 100 g of gram was 
obtained is a yield equivalent to the best yield reported by Ward, Pettijohn, 
Lockwood, and Coghill (1945) on a pure starch hydrolyzate 


SUMMARY 

Aerobacter aerogenes fermentation of glucose to 2,3-butylene glycol with aera- 
tion gave yields under optimum conditions of 80 millimoles of glycol per 100 
millimoles of glucose Sugar concentrations up to 10 per cent were fermented in 
less than 48 hours Sugar concentrations up to 26 5 per cent (108 hours) were 
fermented when concentrated substrate was added continuously during the fer- 
mentation Glycol concentrations up to 98 g per liter were produced in the slow- 
feed fermentations 

Yields of 28 g of glycol per 100 g of gram were obtained when acid-hydrolyzed 
wheat mashes were fermented 

The stirring of wheat mashes during hydrolysis made it necessary to hydrolyze 
only one-third as long as with unstirred mashes 
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Wlien a culture medium containing ethanol, calcium carbonate, and the usual 
inorganic salts is inoculated with black mud and incubated anaerobically at 30 C, 
a spontaneous fermentation soon begins that often results in the conversion of 
much of the alcohol to a mi\ture of acetic, butyric, and caproic acids (Barker, 
19376) A considerable quantity of methane is also evolved In such fermenta- 
tions the dominant organisms are Metlianobactenum omehanskii and Closlndtum 
kluyven The former organism causes the oxidation of ethanol to acetic acid and 
the coupled reduction of carbon dioxide to methane, whereas the latter orgamsm 
has been sho\vn to be responsible for the formation of butyric and caproic acids 
(Barker and Taha, 1942) Until recently, however, it was not possible to obtam 
an adequate understanding of the chemical reactions catalyzed by C kluyven 
because pure cultures of this organism could not be grown except in very complex 
media, and even then growth was scanty and the yield of caproic acid was low 
As a preliminary to further metabolic studies it was necessary therefore to investi- 
gate the nutrition of the organism m some detail In the present paper it is 
shown that C kluyven has unusual nutritional requirements that can be satisfied 
by the use of a relatively simple, completely synthetic medium 

EXPERIMENTAL PROCEDURES AND RESULTS 

Basic growth requirements In previous studies appreciable growth of C kluy- 
ven could only be obtained in media contammg inorganic salts, a leducing agent 
such as thioglycolate, ethanol, and an abnormally high concentration of yeast 
autolysate (Barker and Taha, 1942) An earher attempt to replace the yeast 
autolysate by some other nutrient was unsuccessful, so the conclusion was reached 
that yeast autolysate contains one or more substances of special nutntive value 
for C kluyven that are not present in most other complex media At the begin- 
mng of the present investigation it was therefore decided to fractionate yeast 
autolysate in order to identify its active constituents The following experiments 
were done vnth strain K 1 

The first fractionation procedure was a separation of volatile acids by steam 
distillation It was at once found that the distillate was highly active in stimu- 
lating groivth in a basal medium contammg ethanol and a small quantity (1 vol 
per cent) of yeast autolysate, whereas the residue from the steam distillation was 
completely inactive By the Duclaux distillation method the volatile acid frac- 
tion was shown to consist largely of acetic acid, and the growth-stimulating activ- 
ity of the fraction could be entirely accounted for by the acetate it contamed 

The addition of larger amounts of acetate to the basal medium improved the 
growth far beyond the highest level previously attamed with maYimfll concen- 
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trations of yeast autolysate Table 1 shows that growth increases from zero with 

no added acetate to a maximum when the acetate concentration is about 0 8 oer 
cent ^ 

When acetate is added m excess, the amount of growth is dependent upon the 
supply of ethanol Table 2 illustrates this relation With 1 per cent sodium 
acetate and 0 8 per cent ethanol, rapid and abundant growth is obtamed in an 
otherwise adequate medium 

When adequate amounts of ethanol and acetate are provided only a small 
quantity of yeast autolysate or other similar matenal is required For example, 


TABLE 1 


The effect of acetate concentration on growth* 


CHsCOONa 3HtO addeb 
% 

MAXUIAI, lUBBIDIIYt 

0 0 

0 

0 1 

14 

0 2 

36 

0 4 

60 

0 8 

64 


* The medium contained the inorganic salts of medmin 1, 0 4 per cent ethanol, and 20 
vol per cent of acetate-free yeast autolysate 

t Measured ivith a Klett-Summerson photocolorimeter 


TABLE 2 

The effect of ethanol concentration on growth* 


ETHANOL ADDED ; 

g/100 ml 

UAXDIAL TDBBIDITYf 
(2 - log G) X 1 000 

0 0 

0 

0 1 

27 

0 2 

51 

0 4 

70 

0 8 

104 


* Medium 1 contained 0 075 per cent Difco yeast extract, 1 0 per cent sodium acetate. 


and the indicated amounts of ethanol 

t Measured with an Evelyn photocolorimeter 

50 mg of Difco yeast extract per 100 ml of medium are sufficient to allow maximal 
growth Even this small amount of yeast extract can be entirely replaced by 
two growth factors, biotm and para-ammobenzoic acid, provided they are added 
at the rate of 0 3 pg and 5 pg, respectively, per 100 ml 

In common with many other microorgamsms, C Uuyven requires carbon di- 
oxide as a nutrient In our early experiments, which were earned out entirely 
m test tubes, no carbonate was added directly to the medium but some carbon 
dioxide was supphed by the pyrogallol-carbonate seal used to remove oxygen 
When the organism is grown imder such conditions m a hquid medium, it pro- 
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duces a uniform turbidity that reaches a maximum m 24 to 48 hours The eells 
are actively motile and generally occur singly Only after growth has ceased do 
they begin to settle and form a conspicuous sediment Large cultures of 1 to 10 
hters in the same medium behave quite differently even when provided with a 
small pyrogallol-carbonate seal The bacteria develop much more slowly and 
occur mainly as large clumps of immotile cells resting on the bottom or adhering 
to the walls of the vessel The bulk of the medium remains perfectly clear 
Sometimes such cultures even fail to develop at all These phenomena were 
found to bo due to a deficiency of carbon dioxide The same type of growth can 
be obtained in test tube cultures by replacing the carbonate m the anaerobic seal 
with sodium hydroxide or by using a solution of a chromous salt instead of pyro- 
gallol as an oxygen absorbent 

The addition of a small amount of sodium carbonate to the medium entirely 
ehmmates the above-mentioned signs of carbon dioxide deficiency in both large 
and small cultures The quantity of sodium carbonate required for maximal 
growth is of the order of 0 1 to 1 mg per 100 ml For routine cultures we have 
made a practice of adding 10 mg NaiCOj per 100 ml medium 

On the basis of the foregoing results the following synthetic medium (medium 
1), which supports excellent growth of C kluyven, was developed ethanol, 0 8 g, 
sodium acetate hydrate, 0 8 g, m/1 pH 7 0 KH2P0i-Na2HP04 buffer, 2 5 ml, 
(NH()2S0<, 50 mg, MgSOi 7H2O, 20 mg, CaSO^ 2H2O, 1 mg, FeSO^ 7H2O, 0 5 
mg, MnS04 4H20, 0 25 mg, NaMo04 2H20, 0 25 mg, biotin, 0 3 pg, pora-amino- 
benzoic acid, 5 pg, sodium thioglycolate, 50 mg, Na2C03, 10 mg, and glass-dis- 
tiUed water, 100 ml The thioglycolate can be replaced by 20 mg Na2S 9H2O, 
which is best added after autoclaving When a strictly synthetic medium is not 
required, the growth factors may be replaced by 50 to 100 mg Difco yeast extract 
It is best to inoculate the medium very soon after it is autoclaved Smee C 
kluyven is an obligate anaerobe, the culture medium must be protected from 
oxygen by means of a pyrogallol-carbonate seal or some similar device When 
an active inoculum is used, good growth is obtained m 24 hours at 35 C 

Utilization of organic substrates other than ethanol and acetate After the fact 
that both ethanol and acetate are needed as macronutrients had been estabhshed, 
the possibility of replacing these substrates by structurally related compounds 
was explored 

In testing for acetate substitutes a basal medium containing an excess of 
ethanol (1 per cent) was used and the compound to be tested was added m a con- 
centration of 0 1 CO 0 4 per cent In some experiments, when it was thought that 
substrates to be tested might be inhibitory in such concentrations, a small, hmit- 
mg amount of acetate, usually 0 1 per cent, was added both to the experimental 
culture and to the control Either growth stimulation or toxicity could then 
easily be detected In all experiments growth was measured with either a Klett- 
Surmnerson or an Evelyn photocolorimeter 

The followmg compounds were tested propionate, butyrate, valerate, caproate, 
lactate, pyruvate, glycme, alpha-alsnime, 6eta-alanme, and aZp/ia-ammobutyrate 
Positive results were obtained m these experiments only with propionate and 
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butyrate, although evidence has been obtained from metabolic expemnents 
(Bomstem and Barker, 1948) that valerate can also be utihzed to a shght extent 
as a substitute for acetate Typical results obtained with several fatty acids are 
given in table 3 

In concentrations below 0 5 per cent, propionate is almost as good a substrate 
as acetate Growth occurs rapidly and is roughly proportional to the amount of 
propionate added At concentrations above 0 5 per cent, propionate is some- 
what inhibitory as compared with acetate and both the rate of growth and yield 
of cells are less The bacteria can still multiply, however, in media containing 
as much as 2 per cent sodium propionate and 2 per cent ethanol Two per cent 
acetate is also somewhat inhibitory, though reduced growth occurs even with 2 5 
per cent acetate and ethanol With high substrate concentrations a period of 

TABLE 3 


The growth of Clostridium kluyveri on ethanol and higher homologues of acetic acid* 


SODIOU SALT ADDED (g/100 ml) 

UAXHIAL TDIBUIITV) 

Acetate 

0 2 

38 

t( 

0 4 

70 

Propionate 

0 1 

16 

t< 

0 4 

78 

(< 

0 1, acetate 0 2 

53 

Butyrate 

0 2 

20t 

(( 

0 1, acetate 0 2 

42 

Valerate 

0 1 

0 


0 1, acetate 0 2 

32 

Caproate 

0 1 

0 

(( 

0 1, acetate 0 2 

32 


* Medium 1 was used contaimng 0 65 per cent ethanol, 0 5 vol per cent yeast autolysate, 
plus the indicated fatty acid salts 

t Measured with a Klett-Summerson photocolorimeter 
t Growth began after 35 days’ incubation 

adaptation appears to be reqmred, two or three transfers m the same medium are 
needed before maximal growth is attamed 

Butyrate is not as effective a substrate as acetate or propionate It is readily 
metabolized by C kluyveri when a small amount of acetate is also provided, but 
m the absence of the latter a long lag period is often observed before the bactena 
begm to develop normally The best growth with butyrate is only about half 
that obtamable with an equimolar quantity of acetate This is to be expected 
smce the catabohsm of acetate mvolves two steps, acetate to butyrate to capro- 
ate, whereas with butyrate as a substrate only the second step occurs (Bomstem 
and Barker, 1948, Barker, Kamen, and Bomstem, 1945) 

In testmg for ethanol substitutes essentially the same methods were used as m 
testmg for acetate substitutes, except that the medium contained 1 per cent ace- 
tate and, m some experiments, a small amount of ethanol The compound 
tested were propanol, butanol, lactate, and pyruvate Negative results were ob- 
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tamed ■\\Tth all four substrates Lactate and pyruvate were tested repeatedly 
under various conditions so that wo feel that the inability of strain K 1 to use 
these compounds is conclusively established Unfortunately the evperiments 
with propanol and butanol were not done m the presence of ethanol, so that the 
negative results obtained thus far are not completely conclusive m view of the 
possibility that even 0 1 per cent solutions of these compounds may be inhibitory 
to the organism 

Ulilizahon of carbon dioxide After carbon diovide was shown to be essential 
for the normal growth of C Kluyvert, it seemed worth while to look for an actual 
utilization of carbon dioxide m growmg cultures The possibility of detecting 
carbon dioxide utilization by chemical means was enhanced by the observation 
that no carbon dioxide appeared to be formed m the fermentation process 

A prelimmary experiment showed that there is a small disappearance of carbon 
dioxide of the order of magnitude of 0 1 to 0 2 mii per 100 ml of medium 1 and 
that it IS dependent upon the growth of the organism There was no loss of 
carbon dioxide from cultures placed m a refrigerator immediately after bemg 

TABLE 4 


The dependence of carbon dioxide ulilizahon on substrate concentration 


SUDSTSAIE COKCENTRAnON* 

INITIAL COl 

FINAL COl 

COl UPTAIX 

% 

miS/JOO ml 

mill 100 ml 

mu/ 100 ml 

Sodium acetate 0 1 

0 28 

0 20 

0 08 

“ “ 0 2 

0 28 

0 13 

0 15 

“ “ 0 4 

0 28 

0 08 

0 20 

Sodium propionate 0 1 

0 22 

0 17 


“ <• 0 2 

0 22 

0 12 


“ “ 0 4 

0 22 

0 07 



* In medium 1 contaimng 0 4 per cent ethanol and 0 5 vol per cent yeast autolysate 


moculated, and when a culture was meubated for a short penod until growth 
started and was then placed at 5 C, the loss was greatly reduced 
A second experiment was designed to demonstrate a possible correlation be- 
tween the amount of carbon dioxide utilized and the quantity of cells formed 
Medium 1 was used, contaimng 0 01 per cent Na 2 C 03 and varying concentrations 
of acetate or propionate The tubes used as culture vessels were fitted wuth 
“oxsorbent” seals and were tightly closed with rubber stoppei-s durmg the meuba- 
tion period After growth had ceased, the cultures were analyzed for carbon di- 
oxide The mitial carbon dioxide content of the media was obtamed by analyzmg 
a second set of moculated tubes which had been kept at 5 C 
The results of this experiment are presented m table 4 It can be seen that m 
all cultures a small but significant amount of carbon dioxide disappeared With 
either acetate or propionate the carbon dioxide uptake increased with substrate 
concentration and, consequently, with the yield of cells By comparison of the 
data m tables 1 and 4 it may be concluded that there is an almost direct pro- 
portionality between cell yield and carbon dioxide uptake with acetate as a sub- 
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strate By carrying out an ethanol-acetate fermentation m the presence of 
carbon dioxide labeled with C“, it was found that at least 70 per cent of the 
carbon dioxide utihzed could be recovered m the washed bactenal cells Little 
or none of the labeled carbon from the carbon dioxide went mto the fatty acids 
that are the main products of the fermentation (Bomstem and Barker, 1948) 
Enrichment cultures C kluyven was originally isolated from black mud by 
the use of an enrichment medium containmg ethanol and calcium carbonate as 
the main mgredients This medium consistently allows the enrichment of meth- 
ane-producmg bacteria but does not always yield good cultures of C kluyven 
Now that the unique nutritional requirements of C kluyven are known, its 
enrichment from natural sources can be achieved with greater certainty and 
rapidity by the use of medium 1, slightly modified Biotm and para-ammo- 
benzoic acid are used m preference to yeast extract smce even small amounts of 
the latter stimulate the growth of a variety of ammo-acid-fermentmg bacteria 
that mterfere with the isolation of C kluyven In order to eliminate sulfate- 
reducmg and methane-producmg bacteria as far as possible, it is desirable to 
replace most of the sulfate m medium 1 by chloride and to reduce the carbonate 
to 1 mg per 100 ml In this way a highly specific enrichment medium is obtained 
The moculum should be pasteurized to e limin ate nonsporulating bactena and, of 
course, anaerobic conditions must be mamtamed 
By the use of this enrichment method we have obtained active cultures of C 
kluyven m a few days from black mud Such cultures contam relatively few 
bacteria of other types The isolation of pure cultures from the ennchments is 
very easily accomplished by the shake culture techmque 

DISCUSSION 

The most notable result of the present investigation is the demonstration that 
an anaerobe belongmg to the group of butync acid bactena can satisfy its energy 
requirements by metabolizmg a mixture of ethanol and acetate All other 
butyric acid bactena require a more complex substrate such as a carbohydrate, 
lactate, or pjmivate (Bhat and Barker, 1947), or one of the amino acids (Barker, 
1937a) Not only does C kluyven not require such compounds but it is unable 
to utilize them In order to grow anaerobically it must have ethanol and acetate 
or one of its close homologues These substrates are more or less quantitatively 
converted mto a mixture of higher fatty acids (Barker, 1947 , Barker, Kamen, 
and Bomstem, 1945, Bomstem and Barker, 1948) 

So far no substrate has been found that can be substituted for ethanol Even 
propyl alcohol does not appear to be utilized by C kluyven, though there is still 
a shght possibihty that it can be metabohzed under special conditions Lactate 
and pymvate are defimtely excluded as ethanol substitutes 

Acetate can be replaced by only two compounds tested thus far, propionate 
and but3uate Fatty acids with longer chains do not support growth, thoug 
there is evidence that valerate may be metabohzed to a limited extent According 
to present information any alteration of the acetic acid molecule, other than t e 
substitution of a methyl or ethyl group for one of the hydrogens, destroys i s 
usefulness for this organism 
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There is nothing unusual about the fact that C hlxiyvcn requnes carbon dioxide 
for growth, but its ability to cause a net disappearance of carbon dioxide is note- 
worthy Only a relatively few heterotrophic bacteria can do this, since such 
organisms generally form more carbon dioxide than they consume Most of the 
carbon dioxide fixed by heterotrophic anaerobes studied thus far is found m 
catabolic products C Uvyven is exceptional m this lespect smee most of the 
assimilated carbon is present m the bactenal cells 

The demonstration that C Iduyveri needs two simple orgamc compounds for its 
energy metabolism raises the question regardmg the existence of other obhgate 
anaerobes havmg similar nutritional requirements A few such orgamsms are 
already known Perhaps the first to be reported was Clostridium sporogenes, 
which groMS on a mLxture of amino acids, some of which are oxidized while others 
are reduced (Fildes and Richardson, 1935, Stickland, 1934) A similar type of 
energy metabolism has been established for Clostridium botulinum (Fildes, 1935, 
Clifton, 1940) Recently the groivth of Clostridium lacio-aceiophilum on lactate 
and glycerol was shoi\n to be dependent upon the presence and simultaneous 
utihzation of acetate (Bhat and Barkei, 1947) The substrate requirements of 
this orgamsm are very sumlar to those of C kluyveri, differing only m the sub- 
stitution of lactate for ethanol Undoubtedly other anaerobic bactena requirmg 
more than one organic compound for their energy metabolism \vill be found m 
the future 

Certainly the best way to find such orgamsms is by the use of the ennehment 
culture method It has been shown that this method can be apphed very 
successfully m the isolation of C kluyveri and C lacto acetophilum from natural 
sources Smee a two-substrate requirement results from the need for one com- 
pound as a reductant and another as an oxidant, ennehment media for new bac- 
tena of this type should contam a pair of potentially oxidizable and reducible 
compounds as the mam ingredients As reductants, compounds such as simple 
primary and secondary alcohols, glycols, polyalcohols, fatty acids, ammo acids, 
hydroxy acids, and hydrogen gas nught be used As oxidants, a vanety of fatty 
acids, ammo acids, unsaturated and keto acids, ketones, aldehydes, and even 
polyalcohols could be tested The number of combmations of oxidants and 
reductants is almost unlimited Sugars or other readily fermentable compounds 
should be avoided smee they favor the development of the usual one-substrate 
orgamsms 

A study of two-substrate organisms may contnbute a great deal to our under- 
standmg of anaerobic transformations of orgamc matenals under natural con- 
ditions Such processes nearly always mvolve a multiphcity of organisms and 
substrates Wmogradsky (1932) has pomted out certain limitations of the pure 
culture method when applied to complex problems of soil rmcrobiology For 
a complete understandmg of microbial processes m nature the mteraction of 
substrates as well as of orgamsms must be taken mto consideration 

SUMMART 

It has been shown that Clostridium kluyveri grows very weU m a synthetic 
medium contammg morgamc salts, ethanol, acetate, biotm, and para-ammo- 
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benzoic acid as the mam mgredients No compound has been found that can 
be substituted for ethanol Acetate can be leplaced by propionate and, less 
adequately, by butyrate C hluyvert does not attack glucose, pyruvate, or other 
common fermentation substrates Carbon dioxide is consumed durmg growth, 
most of it being used for the synthesis of cell constituents By the use of the 
symthetic medium the isolation of C kluyveri from natural sources is greatly 
facihtated 
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During the course of an investigation into the antibiotic activities of a con- 
siderable number of strains of Slreplomyces it became apparent that a simple 
and rapid test for streptomycin would save much time and effort The paper 
strip chromatogram method of Consden, Gordon, and Martm (1944) seemed to 
offer mteresting possibilities This method was originally developed for the 
identification of amino acids but has been extended by Partridge (1946) and 
Flood, Hirst, and Jones (1947) to sugars, by Lugg and Overell (1947) to orgamc 
acids, and by Nord and Vitucci (1947) to creatme It has been used also by 
Goodall and Levi (1946) and by Wmsten and Spark (1947) for the identification 
of analogues of pemcillm 


METHODS 

Pilot expenments usmg commercial streptomycm and also the culture broth 
from one of the proved strains of Slreplomyces gnseus soon demonstrated that the 
solvent systems used by the authors cited were not suflficiently selective for 
streptomycm It was eventually found that a 3 per cent solution of NH 4 CI 
would move the streptomycin m a sharp band near the advancmg solvent front 
The mechamsm of this action was mvestigated by excismg sections of the stnp, 
leachmg them m water, and determimng the relative concentrations of salt by 
Nesslenzation usmg a Klett-Summerson photoelectnc colorimeter to determme 
the amm onia content The streptomycm is deposited at a critical salt dilution 
which IS m the neighborhood of 0 5 per cent This was proved by runnmg stnps 
m a series of dilutions until the streptomycm band became diffuse 

Neither ninhydrm nor Somogyi’s reagent (1945) were satisfactory to develop 
a colored band on the paper strip Silver mtrate was, of course, useless with 
culture filtrates It was found, however, that a shght modification of the 
Sakaguchi reaction (1925) gave excellent results The stnp is removed from the 
chamber and dned on a stainless steel screen over a hot plate It is then sprayed 
with n/2 NaOH and immediately with 0 25 per cent a-naphthol After standing 
2 mmutes it is sprayed -with NaOCl prepared accordmg to the origmal directions 
of Sakaguchi (1925) A bnlhant red band is formed with streptomycm The 
band is usually sharply outlmed with a center at an Rf value of 0 80 to 0 86 
dependmg upon temperature The Rf value is the ratio of movement of the 
band to the total movement of the solvent This can be confirmed by excismg 
sections from a parallel strip and testing them on plates of Bacillus subUhs or 
other susceptible orgamsms Figure 1 shows the NH 4 CI concentration and 
appearance of the strip 
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During the pilot runs it was found that the apparatus and manipulation could 
be considerably simplified by running the step against gravity rather than from a 

suspended solvent contamer as descnbed by Consdeneffll ( 1944 ) The simplified 

apparatus is shown m figure 2 The stnps used were no 2 Whatman paper cut 
to 12 mm m width The average length of run from the pomt where the substance 
to be distributed was apphed was 1 rO mm A pencil mark was drawn 65 mm from 
the bottom, and one drop of the solution to be investigated was apphed at that 




pomt The spot was then dned on a hot plate to prevent seepage back into the 
solvent solution After drying, the step was hung m the chamber ivith the end 
submerged m the solvent solution, and the chamber was sealed with vaseline 
to mauTtam a saturated atmosphere The tune to complete a nm varied with 
the solvent used and the temperature, but was usually from 4 to 12 hours 
Solutions containing 30 ng Per ml of streptomycm gave excellent reactioi^ 
When the sob ent front had reached the desired height, the stnp was dned to 
drive off water and sob ent and to fix the constituents m the stnp Unknonm 
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antibiotics i\ere nm wth both NHiCl solutions as here described and usually 
\\-ith butyl alcohol and water nuxturcs as descnbed by Consden el al (1944) 
Experiments on unknown broth cultures of vanous orgamsms were made on 
parallel stiips with 3 per cent NH4CI One stnp was developed ivith Sakaguchi’s 
reagent and the other cut into eight sections and tested on Escherichia coli test 
plates In some cases three strips were run and tested on both E coh and B 
sublihs plates At the same time two or three strips were run with butyl alcohol 
saturated with water These w'ere developed with nmhydrm and colored bands 
correlated with the activitj' shown on test plates 

EXPERIMENTAL RESULTS 

1 Pilot runs on streptomycm usmg 2 pg of streptomycm calcium chlonde com- 
plex 

a Pure water showed no distnbution The streptomycm diffused m a wide 
band in both directions from the point of apphcation 

b But>l alcohol and water and phenol water systems showed no distnbution 
c Pyndme and NHiCl show ed a sharp band at an Rt value 0 83 
d Three per cent NHiCl alone gave substantially as good results as it did 
with the addition of pyndme 

e Other salts such as (NH4)jS04 and NaCl gave somewhat more diffuse bands 
but at the same R( value 

2 A broth filtrate from a stram of S griseus furnished through the courtesy 
of Merck and Company of Rahway, New Jersey, gave a band identical to that 
obtamed with commercial streptomycm 

3 A run w as made with argimne to ehmmate the possibihty of confusmg free 
arginine with streptomycm This gave an extremely sharp band at Rf 1 00 

4 Culture filtrates from Strepiomyces 17C, isolated m this laboratory, showed 
good activity against E coh and B subtihs No streptomycm could be demon- 
strated when run with NH4CI A run with butyl alcohol and water developed 
with mnhydrm showed a pink band at Rj 0 2 that was confirmed on B subtihs 

5 Culture filtrates from Sireptomyces M17-N3, isolated m this laboratory, 
showed high activity against B sublihs but none against E coh A run with 
NH4CI showed a diffuse pmk band at Rt 0 that was confirmed on B subtihs 
A run with butyl alcohol and water gave a diffuse yellow band at Rf 1 00 that 
was confirmed on B subtihs 

6 Culture filtrates from Streptomyces 2B, isolated m this laboratory, showed 
fair activity against E coh and B sublihs A run with NH4CI gave the typical 
streptomycm reaction, which was confirmed on E coh test plates A run with 
butyl alcohol and water showed a pmk band at Rf 0, which was also confirmed 
on E coh test plates 


DISCUSSION AND CONCLUSIONS 

The chromatographic method here described is apparently highly selective for 
streptomycm The mechanism mvolved is obviously a saltmg-out process, but 
more detailed information concemmg it is stiff under mvestigation In the 
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meantime it is bemg used to advantage to detect streptomycmlike substances 
m culture filtrates In connection with the other procedures descnbed m the 
hterature cited it is also used to mdicate successful methods of e\traction, since 
the behavior of unknown substances on paper stnps with vanous solvents classi- 
fies them m this respect 

Streptomyces 2B, mentioned above, produces very small quantities of antibiotic 
m shake cultures and somewhat more m stationary broth cultures On agar 
plates, however, it shows unusual activity with the t 3 q)ical streptomycin bac- 
tenostatic spectrum Work on it would have been abandoned had the chromato- 
graphic method not given evidence that it produces a streptomycmlike substance 

It would seem possible that the paper stnp method of studying saltmg-out 
effects at low salt concentrations might be useful m biochemical fields other than 
antibiotics 
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Plants and then’ evtracts have been used for centuries as remedies for the cure 
or alleviation of disease Bigelow (1818) m his monographs depicts the toxi- 
cities and simple chemical reactions of numerous plant extracts More recent 
mvestigators (Boas, 1934, Boas and Steude, 1935, Keding, 1939, Lucas and 
Lewis, 1944, Osborn, 1943, Schmidt, 1942, Seegal and Holden, 1945, Sanders 
et al , 1945, Irvmg et al , 1946, Little and Grubaugh, 1946, Heatley, 1944, 
Southam, 1946) have found many plants to contam substances active in vitro 
against both gram-negative and gram-positive bacteria and fungi Carlson, 
BisseU, and Mueller (1946) have shown several of these plant extracts to be active 
m VIVO agamst malarial and bacterial infections The authonties used for classi- 
fication of the plants collected were Peck (1941) and Bntton and Brown fl913) 

The available hterature mdicates that the majority of mvestigators have 
tested plant juices or water extracts on seeded agar plates m which zones of 
inhibition and diffusion were observed It is the purpose of this report to relate 
other types of solvents which may be used to recover potential antibiotic sub- 
stances from plants 

Methods of extraction Fresh green plants were collected and stored m the 
cold room until prepared for testmg Those portions of the plant to be tested 
were macerated m a mortar or Warmg blender after the addition of a volume of 
0 9 per cent sodium chlonde solution, equivalent to one-half the amount of 
plant material Separate extractions were made of the flowers, stem, leaves, 
root, and seeds or buds of larger plant specimens After the macerated plant 
suspension had been allowed to stand at room temperature for a period up to 1 
hour, portions of it were placed m four large test tubes To the first tube was 
added an equal amount by volume of 1 5 per cent sulfuric acid, to the second 
tube an equal volume of solution buffered at pH 4 0, to the third tube an equal 
volume of solution buffered at pH 9 0, and to the fourth tube an equal 
volume of ethyl ether The contents of each tube were thoroughly mixed and 
placed m the cold room along with the sahne extract for 24 hours Just prior to 
bemg tested for antibiotic activity, the 1 5 per cent sulfuric acid extract was neu- 
tralized with 4 per cent sodium hydroxide, the supernatant bemg used for assay 

Removal of dissohed chlorophyll m the ether extract was accomplished by 
adsorption on charcoal (norite A) or kaohn Two per cent by volume of the 
adsorbmg agent was thoroughly mixed with the ether extract and allowed to 

1 This investigation has been aided in part by a grant from the United States Navy, 
Office of Naval Research 
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Stand at room temperature for 1 hour Filtration was employed for the removal 
of the adsorbmg agent 

Method of assay The Oxford cup method of assay for antibiotic substances 
was employed throughout these studies Freshly isolated strains of Eschencka 
coll and Staphylococcus auieus (hemolytic) were used as the test organisms 
One ml of an 18-hour broth culture was added to 250 ml of the medium, 
and 20 ml of this shake culture were poured into stenle petri dishes The lids 
of the petn dishes were left ajar for 30 mmutes to allow dr 3 rmg of the agar sur- 
face Sterile porcelam cylmders were placed on the surface of the seeded agar 
and filled with the aqueous plant extracts Six drops of the ether extract, 
both before and after the removal of chlorophyll, were placed directly on the 
seeded agar and allowed to evaporate The charcoal and kaolin used as adsorb- 
mg agents were tested m the same manner The plates were mcubated at 37 C 
for 24 hours 

With all aqueous solutions, zones of mhibition Were measured m mm In 
testmg ether extracts and adsorbmg agents, zones were noted as to complete- 
ness of inhibition and degree of diffusion of antibiotics Stimulation of growth 
of the test organism was also recorded 

RESULTS 

Table 1 summarizes the results obtamed usmg extracts of 14 plants against 
Escherichia coli and Staphylococcus aureus Sahne extracts of 6 of the 14 plants 
contamed substances which were bactenostatic or bactericidal m character 
One plant of this group. Allium cemum, contamed antibacterial substances 
markedly effective against both the gram-negative and gram-positive organisms 
used The other five salme extracts were observed to have only fair activity 
agamst either the gram-negative or the gram-positive organisms 

The acid-soluble fractions from seven plants (1 5 per cent sulfuric acid, neutra- 
lized) were observed to be active inhibitors of bacteria The extract of Humvlus 
lupulus was found to inhibit completely the test organisms with good diffusion 
of the active substances The inhibitory activity of the six remammg acid ex- 
tracts was only partial with little or no diffusion 

Eight of the pH 4 0 extracts of the plants were found to be active against the 
test organisms Budbeckia lacinata and Allium cemum, pH 4 0 buffered extracts, 
inhibited both test organisms with good diffusion of the active agent 

Usmg a buffered solution of pH 9 0 as an extractive, it was observed that eigjit 
of the plants mhibited the growth of the test organisms m vary mg degrees The 
extract of Budbeckia lacinata inhibited both organisms with 3 plus activity 
The extracts of Physalis subglabrata and Humulus lupulus showed greater m- 
hibitory activity against the gram-positive organism than agamst the gram- 
negative organism 

The ether extracts of ten of the plants were observed to contam active substan- 
ces, as mdicated by the inhibition of the test organisms Five of these extracts 
were inhibitory to both test organisms, with the remammg five ' 

stances active against only the gram-positive organism It was noted that tnis 
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solvent revealed the presence of active substances in Hypericum muUtlum, 
leaf, stem, and root of Abulelon abulelon, apd stem of Stlphium perfohatum, 
whereas the aqueous solutions were negative 

TABLE 1 

Aclttitlr/ of plant extracts 
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Legend — no inhibition ++++ 26 mm or better zone of inhibition +++, 19-25 mm zone of inhibition 
14-18 mm zone of inhibition +, 9-13 mm zone of inhibition P partial inhibition E excellent diffusion G good 
diffusion F fair diffusion S, growth stimulated C complete mhibition A, mhibition in area expwed 


To rule out the activity of chlorophyll, which might be the inhibitory sub- 
stance m the ether extracts, several were adsorbed on charcoal or kaolm The 
resultant clear ether extracts were tested and the results a^e depicted m table 2 
Eight plants among those mvestigated were observed to contam inhibitory 





















238 


H J 


CABLSON AND HARRIET Q DOUGLAS 


[vOIj 55 


substances m the onginal ether extracts After adsorption of chlorophyll on 
charcoal, Hypericum perforatum, Tovara virgimana, and Hehanihus annum ether 
extracts were found to retain their active inhibitory substances against the test 
organisms The charcoal did not contain any of the active substances when 
tested on a seeded agar plate Eibes bracteosum Dougl , Madia elegans Dougl , 
and Ceanothus velvttimus (var laevigatus Dougl T G ) ether extracts were also 
observed to retain the active substances after adsorption with charcoal and 
haolm When the chlorophyll was adsorbed by charcoal and kaolin, the ac- 
tive agents m the ether extracts of Bidens frondosa L (leaf) and Xanthium 
pennsylvamcum (leaf and stem) were removed from solution Further tests 
confirmed the presence of the active agents m the charcoal and kaolm 

DISCUSSION 

In the search for antibiotic material from higher plants, the possible active sub- 
stances cannot be foretold, thus a screerung technique devised to test vanous 
types of extractives would seem mdicated An essential step in extractions 
should be the breakmg up of plant cells This may be accomplished through 
alternate freezmg and thawmg, enzymatic hydrolysis (autolysis), or maceration 
(grmdmg with sand, Warmg blender, ball mills, hydraulic press, etc ) After 
cell rupture, several general methods of extraction have been used The 
following have been tried m this laboratory 

(1) Extract with water (or 0 9 per cent sajme) This will remove inorgamc 
compounds and a few enzymes It wiU also remove most albumm, histones, 
protammes, proteases, peptones, and similar ammo acids 

(2) Dilute weak acids (acetic, etc ) This will remove glutelins, several 
enzymes, and possibly metaproteins and albummoids 

(3) Dilute weak base (sodium bicarbonate, etc ) This will remove prm- 
cipally acidic compounds and glucosides 

(4) Weak solutions of strong acids (1 5 to 5 per cent sulfunc acid). This 
wiU remove aU alkaloids and similar substances of a basic nature 

(5) Ether extraction This will remove chlorophyll, waxes, and sterols It 
will also denature proteins and enz 3 mes 

The foregomg five solvents have been used by the authors to test over 300 
plants involving more than 1,500 extracts The solvents were selected to yield 
extracts of varied types of material m which potential inhibitory substances 
might exist The results of the use of multiple extractions are shown m table 1 
If only salme had been used, one plant of the 14 used would have yielded a sub- 
stance that merited further study, though several of the other aqueous extracts 
did show shght to fair mhibition By usmg the other solvents m conjunction 
with salme, evidence of the presence of some type of mhibitory substance was 
observed m all plants except one 

The use of ethyl ether as a solvent brmgs up the question whether the dissolvea 
chlorophyll acts as the mhibitory agent This has not proved to be the case, 
as many plants tested have shown no activity from the ether solutions contain- 
mg chlorophyll Further evidence to substantiate this observation is shoivn 
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in table 2 Several ether extracts of plants were adsorbed on charcoal and 
kaolin Chlorophyll was removed by the adsorbing agents, and simultaneously 
in several instances the active prmciples were partially or completely adsorbed 
These adsorption experunents appear to indicate the presence of two or more 
active substances, though at this writmg the authors are not able to furnish 
further information 

Sanders, Weatherwax, and McClung (1945) found the juice of Xanthium 
pennsylvantcum to show only fair activity against the gram-negative test organ- 
ism When usmg the five suggested solvents, extracts of Xanthium pennsyl- 
vantcum were foimd to be mhibitory against both gram-positive and gram- 

TABLE 2 

Activity of ether extracts and adsorption agents 
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Legend C, eomplete inhibition, P, partial inhibition, A, area exposed, F, fair ditfusion, 
G, good diffusion, E, excellent diffusion, N, no inhibition 
* Adsorption 


negative organisms The active substances were soluble m sahne, ether, and 
alkalme (pH 9 0) solutions The use of other solvents brought out further 
evidence of the antibiotic substances present in this plant which were probably 
not active or m a diffusible state m the pressed juice 
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SUMMARY 

The screening of plants for the presence of antibiotic substances would seem 
to require the testing of extractives prepared by the use of more than one sol- 
vent Extractions with sahne, strong acid, ether, weak acid (buffered at pH 4 0) , 
and weak alkali (pH 9 0) were found to be necessary before a plant could be 
discarded as havmg no antibiotic activity The results of the use of vanous 
solvents in the extractions of a small series of plants are presented 
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Interest is arising in the possible use of higher plants as the source of naturally 
occumng antibiotic substances The use of higher plants in the treatment of 
disease is as old as the art of heahng itself Isaiah of Bibhcal tunes suggested 
that a plaster of figs be placed on boils as a treatment of this form of infection 
Hyssop and cedamood were used in the cleansing of lepers The Orientals 
(Hume, 1940) ha\ e used plants and herbs for centimes m the treatment of many 
diseases 

Prehimnarj' survej’s (Osborn, 1943, Lucas and Lewis, 1944, Huddleson et al , 
1944) of large numbers of plants suggest that many contain potential antibiotic 
matenals Fuither i\ork by se\eral investigators (Irvmg, Fontame, and 
Doohttle, 1946, Cavalhto, Bailey, and Kuchner, 1945, Heatley, 1944, Caval- 
hto. Buck, and Suter, 1945, Seegal and Holden, 1945) on mdividual plants or 
parts of plants indicated that these substances can be punfied and remam active 
in this form against microorganisms tn intro Recently (Carlson, Bissell, and 
^Mueller, 1946) it was demonstrated that partially punfied extracts of plants are 
active in viio against the malana parasites and against gram-posifave bactena 

Dunng the spnng and summer of 1946 it was possible to collect 550 plants in 
regions of Ohio and Oregon From these plants, 2,115 extracts were prepared 
and tested The object of the study here reported was to determine which plants 
of those collected from these regions contain active substances which would in- 
hibit the growiL of microorganisms in vitro 

EXPERniENTAL RESULTS 

The authonties used for the classification of the plants collected were Peck 
(1941) and Bntton and Brown (1913) 

Preparation of extracts All plants were used in the fresh state Those that 
were shipped long distances were prepared in a manner to mmimize excessive 
drying On amval at the laboratory the plants were immediately placed in the 
cold room Details of the procedure for the preparation of extracts of the plants, 
m part or whole, are described in a previous report (Carlson and Douglas, 1947) 

Procedure Twenty ml of nutnent agar, seeded with an 18-hour culture (1 
ml per 100 ml agar) of the test orgamsms {Staphylococcus aureus and Escherichia 
coll), were placed in sterile petn dishes These poured plates were allowed to 
dry for 30 nunutes Stenle porcelam cyhnders (8 mm by 10 mm high) were 
placed on the inoculated agar, and prepared extracts of the plants were pipetted 
into the cyhnders The plates were meubated at 37 C for 24 hours, or for a 

* Supported in part by a grant from the TJmted States Navy, Office of Naval Research 
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TABLE 1 

Acttmty of plant extracts against Staphylococcus aureus and Escherichia coli 




Aizoaceae 
MoUuqo verttcillaia 

Alismaceae 

SMbcordaium 
SagtUarta latifoUa 
Leaf 
Stem 

Alsinaceae 
Alstne longtfoha 

Axnbrosiaceae 
Ambrosta Infida 
Leaf 
Stem 

Aznmiaceae | 

Angelica ar^uta 
Seed 

Stem i 

Root 

Deringa canadensis 
Santcula erassicaulu ' 

Flower i 

Stem aad leaf 

Santcula gregana * 

Torilts anthrtscus 

Aaaeardiaceae I 

Hkus ep ' 

Leaf I 

Flower i 

Sehmaltzia crenota 

Apocynsceae 

Apacgnum androsaemifoltum 
Apocynum canno&tnum 
Leaf 

Araceae 

Spaihyema/oeiida 

Leaf 

Asclepiadaceae 
Acerates pirtdt/lara 
Asclepias incamaia 
Flower 
Leaf 
Stem 

Asdepias mencana 
Stem and root 
Leaf 

AscZcptas verticillaia 

Balsaminaceae 
Impaltens btflcra 

Catmabinaceae 
Bumulus lupult^ 
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Capnfoliacoao 
jSambiictu ean(u{«nn< 
Loaf 

iSdm&ucuj olauca 
Loaf 

Stem and flower 
Triosteum per/olxatum 
Stem and root 
Leaf 


fi a + 


+ + 

PA PA 


P2+ P2+ 

P+ SP3-f 


Caryophyllaccao 
^eponona o^/icxnalxa 


+ P+ 


Cbcnopodioccao 
Chinopodtum cdbum 
Leaf 

Soltola peahfer 

Cichonaceao 
Lactuca fiorxdana 
Stem and seed 
Nabalui aUtisxmwi 
Seed 
Leaf 
Stem 

Compositae 
Anaphalis marganlacea 
Flower 

Leaf and stem 
Koot 

Anfennana plantagxnxfoUa 
Anlhemia cotula 
Arctium minus 
Burrs 

Aster novae angltae 
Bidens frondosa 
Leaf stem 
Hoot 

Centaureajacea 
CbrysopstB manana 
Eupaionum alltsttmum 
Leaf and stem 
Flower 

Eupatorium perfoliatum 
Eupatorium purpureum 
Root 

Eupatorium urtteae/ohum 
Qnnddta nana 
Flower 

Leaf and stem 
Qrinddia squarrosa 
Udxanthus annuus 
Stem and root 
Flower 
Leaf 


S P2-h 


PA PA 


PA PA P2+ 

CA CA P2+ 2 

PA PA P+ 


PA PA 
CPA CA 
PA CA 


5 15| P+ 

2 + 
2 + 


CF CG + 

PA PA 

P+ CE PCE P+ P2+ 

PF PF 

+ CF CF 


+ FA PA 

CPF CPF 
CPF CG 
PA PA 


+ 2 + 


++ 
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TABLE 1 (Continued) 




1 SAUKE 

A 

E 

£ 

: £ 

43) 

90 

PLANTS 

pH 









c 

s 

c 

s 

c 

s 

C 

S 

C 

S 

Compositae— Con(tnu«J 












Hdxanthw decapetalxu 












Stem 

6 12 



+ 

p+ 






PC2+ 

Flower 

5 7 

p+ 

p+ 

p+ 


PA 

PA 




Leaf 

6 61 

p+ 

p+ 




CA 


P+ 


P+ 

Sd\QTiihxL9 giffanteus 
HelianChus mtcrocephdus 

6 1 



+ 








Leaf 

7 0 





CF 

CPA 





Stem 

6 0 





PF 

PF 





Flower 

5 8 





CF 

CF 





Selxopsts hdtantho\it9 

Inula hdenium 




+ 

+ 







Flower 

Leaf aad stem 


+ 





PA 





Boot 


1 

1 



PA 

SCF 





Lepiiton eanadensa 

S 35 





PA 






Madia elegans 

6 2 


+ 



CPA 

CPA 

+ 

+ 



Ralibtda pinnata 

Ridan altemtfoUut 

6 0 


+ 



PA 

CF 





Stem 

6 3 

p+ 










Flower 

6 1 

p+ 

p+ 









Leaf 

Rudbeckia htrla 

7 21 

p+ 

t 










Leaf 

6 2 

1 





CG 





RudbecJota lacintaia 

Stem 

Seneeio lylvatteus 

S 7 

p+ 


i 

i 

i 




3+ 

3+ 

3+ 

3+ 

1 


Flower 

6 4 

+ 





PA 





Sereocapua asteroides 
SUphium per/oUalum 

5 8 



i 








Leaf 

6 3 


2+ 









Flower 

4 4 


+ 









Stem 

Silphium tcrebinthinaceum 

6 31 


1 



CPA 

PA 

PF 





Leaf 

7 2 


2+ 


1 





Seed 

5 0 





CA 

PCA 





Stem 

6 8 





CA 

CF 





Tanacdum tvlgara 

Root 

Vemonia alitsnma 

4 96 






PA 




P+ 


Flower 

5 1 






PA 

CG 




Stem 

Xanthium amencanum 

5 71 

6 7 



+ 

+ 





CF2+ 

Xanlkium pennaglvantcum 

7 a 

p+ 




CPA 

PA 

P2+ 

P2+ 




5 9 





PA 

PA 





Seed 

Root 

6 2 

6 2 





PA 

PA 

PA 

PA 





Convolvulaceae 

5 4 








P3+* 



Ipomota pandurata 










Comaceae 












Cornua niUfoUti 

Seed 

5 2 

s 

S 





+ 

4* 

2+ 

2+ 

Leaf 

6 15 







PG+ 

PC+ 



Comus atolcnt/era 

5 9 
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FLAN'TS 


Crucifcrao 

muToln 

L^pxdtum campc*tT$ 

Leaf and dower 
Stem and root 

Euphorbiaccao 
Txl^ymalopn* eoroUaia 
Stem and leaf 

Fabaceao 
i/efbomta ngida 
Meibooiia eanaderuu 

H> dran^eaceae 
Hydrangea ap 
Flower 

Hypencaceae 
Hupatcum mtdtlum 
Hypericum perforctum 
Root 

Leaf stem, and dower 

LabiAtae 

Agoitache rufpeicidu 
Seed 
Leaf 

Isanlhiu brochiaiu* 

Nelumbonaceae 
HduTJiba ndumbo 
Leaf 
Stem 
Flower 

Onagraceae 
Gaura biennia 
Stem 
l^eaf 

Oenoihera biennia 

Fapaveraceae 

Sanguinana canadenaia 

Fentboraceae 
Penthorum ledoidea 

Polemomaceae 
Naoarreiia aquarosa 

Fob sonaceae 
Peraicana opelouaana 
Peraicana hydropiper 
Polygcmalum corimuiatum 
Berry 
Leaf 

Tiniana scandena 
Tovara virginiana 


TABLE 1 iConlinued) 


pH 

SALXKE 

■ 

1 

£ 

£ 


4^ 

9ja 


c 

s 


■ 

c 

s 

C 

s 

c 

s 

5 4 

S 0 

S 5 

S 18 

a 33 
a 1 

S 11 

a a 

5 28 

4 38 

a Q 
a 4 

6 1 

5 2 

5 52 
5 48 

5 8 

5 48 
5 S 

5 0 

5 8 

5 a 

5 72 
5 5 

4 9 

5 38 
4 7 

1 4 45 

P3+ 

P3+ 

2+ 

2+ 

+ 

+ 

+ 

P2+* 

+ 

2+ 

+ 

+ 

+ 

2+ 

2+ 

2+ 

2+ 

2+ 

2+ 

PA 

PSl 

PA 

CA 

CSl 

PA. 

CA 

PA 

PCA 

PA 

PA 

PA 

PA 

PA 

PA 

CE 

CG 

CG 

PA 

CA 

CA 

CA 

CSl 

PA 

PCA. 

PCE 

PCA 

PA 

PA 

PA 

CE 

P+ 

2+ 

3+ 

p+ 

P2+* 

+ 

CP3+ 

P+ 

3+ 


2+ 
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TABLE 1 (Continued) 




SALINE 


£ 

S 

H 

PLANTS 

pH 









c 

S 

c 

S 

c 

s 

m 

m 

Polypodiaceae 










Polypodxum vvlgare 










Root 

S 3S 

s 

3 







Hanuncuiaceae 










Paeonia sp 










Flower 

5 0 

SP3+ 

3P4+ 







Leaf 

4 S 

P2+ 

P4+ 







Ranunculus recuroalua 

5 0 

P44- 

P3+ 







Ranunculus ocna 
Ranunculus sepientnonalis 

8 0 

3P2-}' 

SP24- 







Stem and root 

6 0 

34* 








Leaf and flower 

6 0 

2+ 








Hhamnaceae 










Ceanoihua veluitnus 










Leaf 

5 sa 

3 

S 



CA 

CA 

2+ 

+ 

Stem 

5 9 







+ 


Itibesaceae 










Rtbss bracteosum 










Leaf 

8 4 





PA 

PA 



Stem 

6 S 


+ 



PA 

PA 



Kosaceae 










Agrtmonta striata 

Prunus emargtnata 

5 3 



2+ 

+ 

CB 

CE 



Leaf and berry 
sp 

6 5 





PA 

PA 



Flower 

B B 

SP3+ 

P4+ 







Steam and leaf 

6 0 

S 

P3+ 



CPG 




Spiraea tomemtosa 

5 6 



+ 


SCO 



Spiraea latifoUa 

4 65 

3 

2+ 



PA 



Rubiaceae 








2+ 

2+ 

Mitchdla repens 

5 O' 



+ 




Scrophulariacea 






CA 

CPA 



hinana hnana 

5 2 






+ 

i/imiiZus nnpena 

6 7 





PSl 

FA 


ScTophulana marylandica 
Vefbascum blattana 

5 7 

+ 




GA 

PA 


P2+ 


Stem and seed 

5 5 


2+ 

2+ 

+ 



Leaf 

Root 

e 4 

6 65 

+ 

"H 

P+ 



PA 


P2+ 

Smilaceae 

Smilas rotunii/olia 

5 6 





PA 

PA 



Solonaceae 










Datura stramonium 






PA 

PA 



Leaf stem and seed 

5 6 







Physalis heterophylla 

Leaf 

6 1 


4" 




CG 

CA 


P2+ 

Berry 

5 1) 






PF 



Stem 

Physalis subgXcdjrata 

4 8 



+ 

+ 

C4. 

CA 

P+ 

P+ 

Typhaceae 

6 3 






PG 



Typha laitfoUa 









90 

C S 
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TABLE 1 (Concluded) 




SAUNE 1 

A 1 

s 

E 

E 


40 

90 

PLANTS 

pH 











C 

s 

c 

s 

c 

s 

C 

s 

c 

s 

Verbonocoao 

1 











Lvppia lanceolata 

8 8 





CG 

CG 

1 




Vcr&«na angtuti/oUa 

V«r6ena Aaafo/a 




p+ 

+ 

PA 

PA 





Leaf and atom 

VtTbena urlicxfoUa 






PA 

PA 





Loaf 

D 






PE 





Vitoccao ' 












Fiiw btcolor 

Ftha pufpina 

3 6S 





PA 

PA 





Seed 

3 I 

S 

s 



CA 

CA 

+ 




Leaf and atom 

3 92 



d* 

+ 



+ 





Legend C, BwAwicMa coh S, 5/apAWoc<>ccu4 aur«ui AE acid Mtract, EE ether extract 4 0 buffer extract 9 0 
bufforextroct S atimulation of growth +, 0-13 mm rono of inhibition ++, 14-18 mm zone of inhibition, +++> 
19-25 mm tone of inhibition, ++++ 20 mm or better zone of inhibition P, partial inhibition E, excellent diffu- 
aion G, good diffusion, F fair diffusion, C, comploto inhibition. A, inhibition in area exposed, Si, shght diffusion 
•Surface inhibition only 


sufiBcient period to permit accurate measurement of the inhibition or stimulation 
zones produced Specific areas were measured and are recorded in table 1 (see 
legend) 

The ether extract (6 to 10 drops) was placed directly on the inoculated agar 
wathout the use of the porcelain cyhnder The ether was allowed to evaporate 
before the petn hd was replaced The zones of inhibition or stimulation were 
noted as to completeness and the degree of diffusion of the active agent (see 
legend of table 1) 

Results The effectiveness of the plant extracts in inhibiting Staphylococcus 
aureus and Escherichia coh is shown in table 1 In further explanation of the 
symbols used in the table the following examples are given The plus signs are 
self-explanatory in the legend, if they are preceded by "C" the inhibition was 
complete, and by “P” the inhibition was partial Under the ether extracts, a 
plant having the symbol of CPA would indicate that the inhibition was complete 
to paitial in the area over winch the ether extract evaporated The last symbol 
pertains to the diffusion area, ivith the preceding symbols indicating the com- 
pleteness of inhibition 

Comment With ethyl ether as a solvent, many of the plants were found to 
contain some type of antibiotic substance At first this was puzzhng to the 
authors, since on several occasions all the plants in a collection would have in- 
hibitory substances in this extract Adsorption experiments (Cailson and 
Douglas, 1947) with charcoal and kaohn have shown that chlorophyll was not 
the active agent The use of the other solvents brought out the presence of 
many other active agents against the test organisms that weie diffusible m 
varjnng degrees on the seeded agar plate 

Another interesting phenomenon observed with several plant extracts was in- 
hibition only on the surface of the agar Where this was observed, the extract 
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had not spread over the agar surface A possible explanation for surface anti- 
biotic interfeience m these specific cases was oxidation of the diffused agent 
The oxidized agent was active while that portion in the agar, not having access 
to air, remained inactive This phenomenon was observed with extracts of the 
flowers of Nelumbo Tielumho, extracts of the plants Sclimalizia crenata, Isanthus 
brochiatus, and I-pomoea 'pandurata Further investigations are being under- 
taken to study this type of activity in greater detail 
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SUMMARY 

The results are reported of a prehminary survey of 550 plants from which 2,115 
extracts weie prepared One or more antibacteiial substances were separated 
from 115 of the plants tested The sahne, acid, ether, weak acid (pH 4 0 buf- 
fered), and weak alkah (pH 9 0 buffered) extracts of these plants were tested for 
their antibiotic effectiveness against Staphylococcus aureus and Escherichia cob 
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We have previously reported that the antibiotic bacitracin is produced by 
a gram-positive sporulating bacillus of the Bacillus sublths group isolated from 
cultures of contaminated tissue removed at operation from a compound fracture 
of the tibia (Johnson et al , 1945) This paper will summarize the results of our 
work on the production, concentration, and partial purification of bacitracm on 
a laboratory scale In the experiments deahng with purification processes we 
have worked with preparations of crude bacitracm supphed to us by several 
commercial laboratories as well as with material produced and concentrated m 
this laboratory Studies on the chenucal properties of the crude antibiotic were 
directed toward solvmg the problem of purification To date no pure bacitracm 
is available, and the chemical properties of the pure product may prove to differ 
from those of the crude material we have worked with 

ASSAY OP BACITRACIN 

In order to discuss the production of bacitracm, it is necessary to define a 
measure of potency One -umt of bacitracm has been arbitranly set as the 
amount which, when diluted 1 m 1,024 under the assay conditions stated below, 
completely inhibits the growth of our stock stram (Chanm) of group A hemolytic 
streptococcus 

Senal dilution assay A beef heart infusion neopeptone broth buffered with 
sodium dibasic phosphate or a beef heart infusion 2 per cent proteose peptone 
broth may be used The assay is run m tnphcate using 1 m 3, 1 m 4, and 1 m 5 
dilutions of the sample m the first tubes of each of three rows of dilution tubes 
Twofold serial dilutions are made of each of these three solutions far enough 
along each row to cover the expected hmits of potency The tubes are then 
seeded with 0 1 ml of a 10~^ dilution of an overnight culture of the hemolytic 
streptococcus m blood broth The senes is mcubated at 37 C, and readmgs are 
made after 24, 48, and 72 hours of incubation The end pomt is the highest 
dilution m which growth is completely inhibited Thus an end pomt of 1 m 512 
would mean that the sample assayed contamed 0 5 units per ml and an end 
pomt of 1 m 40, 0 04 umts per ml If a closer approximation of the titer than is 
possible with this dilution scheme is desirable, a senes of additional dilutions m 
the vicinity of the known end pomt may be set up 

Recently a plate method of assay usmg strains of Corynebactenum has been 
developed mdependently m this laboratory and m the Cutter Laboratones 
Details of this method will be pubhshed shortly 
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PRODUCTION OP BACITRACIN 

The factors mfluencmg the production of bacitracin are the composition of the 
medium, seed cultures, and the conditions of mcubation 
Media We have been chiefly concerned with the production of bacitracin 
m shallo\Y layers of medium since we have not been successful m obtaining ap- 
preciable titers when the growth was submerged with the apparatus at our 
disposal In our prehmmary work the 1 per cent tiyptone broth recommended 
by Dubos for the production of gramicidm was employed (Dubos, 1939) Pro- 
duction in beef infusion, amigen, and savita broths was also studied In an 
attempt to improve the titer of the harvest we also employed the S3mthetic 
medium devised by Stokes and Woodward (1943) for the submerged growth of 
Bacillus brevis and Brewer’s (1943) soybean digest medium Table 1 gives the 
titer obtained after 72 hours’ incubation of the seeded media at 37 C In all 
experiments the respective media were dispensed in 200-ml amounts m Blake 
bottles of I'hter capacity The bottles were mcubated in the horizontal position 


TABLE 1 

Effect of composition of medium on production of bacilracin 


MEpnm 

AVEfiACE TITEE 

OCCASIONAl IOT» 

Tryptone 

unttsptrtni 

2 

until per ml 

4 

Beef infusion 

2 

4 

Amigen 

2 

4-5 

Savita 

2 

4 

Synthetic 

6 

12-16 

Soybean digest 

12 



The addition of 1 per cent glucose or com steep hquor to the tiyptone or 
amigen medium did not result m titers comparable to those obtamed in the 
synthetic or soybean digest media, nor did the mcrease of the amigen content 
from 1 to 2 per cent raise the titer significantly Although the soybean digest 
medium gave the highest titers, this medium was not chosen for concentration 
and purification studies smce it was found that the impurities in concentrates 
of such harvests were many and were more vanable from lot to lot m comparison 
with concentrates from the synthetic medium 

The formula of the synthetic medium is as follows (final concentration in 

hter of distilled water) 


1-Glutanuc acid 
KHiPOi 
KHPOi 
MgS04 7H2O 
MnSOj 4H2O 
NaCL 
FeSO, 7HsO 
CuSO< 7H.0 

CaH4(PO,)j 


50 g 
05g 
05g 

02g 
0 01 g 

OOlg 
0 01 g 
0 01 g 

2 ml aat sol in distilled HiO 
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The medium is adjusted to pH 6 8 to 7 with sodium hydroxideand sterilized after 
distribution into Blake bottles by autoclaving for 20 minutes at 15 pounds’ 
pressure After sterilization a concentrated glucose solution previously sterilized 
by filtration through a Chambeiland or Seitz filtei is added to the individual 
bottles to give a final concentration of 1 per cent m the medium Autoclaving 
of the medium containing glucose resulted m varying degrees of caramehzation 
of the glucose In our experience excessive caramehzation m such media re- 
sulted m poor production of the antibiotic 

When d-glutaimc acid was substituted for Z-glutamic acid, one lot of d-glutamic 
acid gave satisfactory results, but the next lot gave negligible titers The use 
of 1-glutamic acid has given consistent yields with no variation in the harvests 
from lot to lot that could be traced to the acid We also tried substituting 
asparagine and glycine for i-glutamic acid Growth m the asparagme medium 
was poor and the titers were low (0 06 units per ml) Growth in the glycine 
medium was slow and erratic, although after prolonged incubation (7 to 10 days) 
the final titers in a few instances compared favorably with those m the Z-glutamic 
acid medium after 72 hours’ incubation Sucrose, lactose, and fructose could be 
substituted for the glucose but gave no consistent or striking rise m titer 
Seed cultures Three types of moculum have been found satisfactory 3-day 
surface growth on tryptone agar, 3-day growth in 1 per cent tryptone broth, 
and spore suspensions Cultures must be maintamed m the rough or mucoid 
phase smce smooth variants produce only small amounts of the antibiotic Dis- 
sociation may be minimized by growmg stock or seed cultures on or m media to 
which no glucose has been added, i e , tryptone broth or agar 

Conditions of incubation The antibiotic is produced at room temperature as 
well as at 37 C, but a longer penod of mcubation is reqmred for comparable titers 
m the harvests Maximum titers at 37 C are obtamed after 3 to 5 days’ m- 
cubation, but mcubation for longer than 96 hours is attended by the risk of 
autolysis of the pellicle This autolysis is accompamed by a drop m the titer, 
which may fall as much as 50 per cent within 24 hours When cultures were 
mcubated at 35 C, there was no mcrease m the maximum titer in comparison 
with control cultures mcubated at 37 C At 35 C the maximum titer was usually 
attamed after 120 hours of mcubation 

HARVESTING 

The pH of the harvest at its maximum titer vanes with the composition of the 
medium When tryptone broth or soybean digest medium is used, a pH of 
7 8 to 8 may be coincident with the maximum titer When the Z-glutamic acid 
medium is used, the pH of the medium drops to 5 to 5 2 durmg the first 24 to 
48 hours of mcubation and then nses The pH of the medium is usually 7 to 
7 2 when the maximum titer is reached If after 72 hours of mcubation the pH 
of the culture is below 6 8, mcubation should be contmued for another 24 hours 
The antibiotic is harvested by decantmg the culture fluid The pelhcle is 
discarded The harvest is then clarified by filtration through “standard super- 
cel ” If stenle material is required for assays, the clanfied harvests may be 
filtered through Berkefeld, Chamberland, Selas, or Seitz filters 
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CONCENTRATION 

It proved impossible to extract bacitracin from the harvest with the usual 
orgamc solvents, such as ether, chloroform, acetone, or ethyl acetate It was 
found, however, that 85 to 90 per cent of the activity in the harvest was removed 
by Ti-butanol The clarified harvest is extracted twice, usmg one-half volume of 
7i-butanol for each of two extractions The butanol is then decanted, filtered, 
and distilled in vacuo m the presence of water until all butanol is removed and 
the volume of the residual aqueous phase is reduced to about 1/1 00th of the ong- 
mal volume of the harvest In conjunction with Dr R E Steiger we have found 
that if the temperature of distillation is 28 to 30 C, it is necessary to add 500 ml 
of water for each liter of butanol extract Care must be taken that the extract 
does not become anhydrous at any step of the concentration, as the antibiotic 
IS rapidly inactivated m anhydrous butanol 

PURinCATION 

In the laboratory smaU-scale preparation of bacitracm, the followmg method 
of punfication was found very satisfactory An equal volume of butanol-ether 
solution (50 per cent butanol and 50 per cent peroxide-free ether) is added to the 
aqueous concentrate The mixture is shaken m a separatory funnel Con- 
centrated hydrochlonc acid is added drop by drop until the mixture separates 
mto layers immediately after shakmg The upper layer becomes darker as the 
acid IS added owmg to the removal of impunties from the aqueous layer The 
pH of the aqueous layer should be 3 to 4 The lower (aqueous) layer, which 
contains the active material, is decanted and the extraction is repeated The 
mixture is allowed to stand for 10 minutes, and the pH is again tested (it should 
be 3 to 4) The lower layer is decanted and extractecTS times with peroxide-free 
ether, one-half volume of the ongmal concentrate bemg used for each extraction 
The final aqueous layer is distilled under reduced pressure until all butanol and 
ether have been removed After distillation the solution is brought to pH 6 to 7 
with sodium bicarbonate The neutralized solution may then be lyophihzed 
In our laboratory batches the lyophihzed matenal was a yelloivish powder mth 
an activity of 10 to 20 units per milligram 

A method of punfication recently developed as a result of attempts to purify 
commercial preparations makes use of the fact that magnesium oxide added to a 
cold solution of bacitracm precipitates pigmented impurities and carbohydrates 
without affectmg the titer of the bacitracm m solution 

One hundred milligrams of magnesium oxide are added to 10 ml of a faintly 
acid or neutral solution of concentrated bacitracm The mixture is stirred 
and after several hours’ storage m the refngerator is filtered cold The filtrate 
IS alkahne (pH approximately 8 5) The filtrate is neutrahzed ivith hydrochlonc 
acid and the magnesium oxide treatment repeated The solution again becomes 
alkahne If the second magnesium oxide residue is pigmented, the procCM u 
repeated agam The antibiotic activity of the magnesium oxide residue is neg i- 
gible The ongmal activity is present m the filtrates Some loss of activity 
IS encoimtered if the alkahne solutions are permitted to stand at room tempera 
ture for 12 hours or more This alkahne inactivation does not occur if mag- 
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nesium acetate is used as the precipitant of the pigment, but relatively large 
amounts of acetate are required, the precipitation is slower, and filtration is more 
difficult 

The bacitracin may then be precipitated as a salicylate by addmg salicylic 
acid to solutions of the antibiotic No inactivation has been observed Crude 
material mth an imtial potency of 4 to 6 units per mg has yielded sahcylates 
with a potency of 30 to 40 umts per mg These products contamed about 12 
per cent of combmed salicylic acid 

The solution of crude bacitracin is brought to pH 4 with hydrochloric acid, 
and solid sahcyhc acid is added, in small portions, until no further precipitation 
occurs This first precipitate contains a considerable amount of mactive 
material, but usually less than 25 per cent of the total antibiotic activity, and it 
may be discarded The filtrate is neutralized with sodium bicarbonate Sodium 
salicylate or free sahcyhc acid is then added to complete the precipitation The 
precipitate is collected, dried, and repeatedly washed ivith peroxide-free ether m 
order to remove any excess of sahcyhc acid It is then ground m the funnel and 
washed agam with peroxide-free ether Afer drying in vacuo at room tempera- 
ture over phosphonc anhydnde, it is weighed and the drymg and weighmg re- 
peated When the funnel and its contents show no sigmficant change m weight, 
the removal of excess sahcyhc acid is complete The salicylate is dissolved by 
percolatmg 0 05 normal hydrochlonc acid through it with rubbmg A small 
quantity of msoluble impunty remains on the funnel This acid solution of the 
sahcylate may be assayed directly after smtable dilutions m water are made 

CHEMICAL PROPERTIES OF CRUDE BACITRACIN 

Stability Partially purified neutral or slightly acid (pH 6 6) aqueous con- 
centrates of bacitracm prepared m this laboratory by the butanol method have 
shown no detectable change m titer after storage for 8 months to 1 year at tem- 
peratures of 0 to 5 C At room temperature there was a loss of 30 to 50 per cent 
of the activity after a 2 weeks’ storage penod, but neutral, morganic-salt-free 
solutions have been dried at room temperature without loss of activity In- 
activation was complete after 2 weeks at 35 to 37 C Bacitracm solutions were 
stable to normal hydrochloric acid at 0 to 5 C but not at 37 C, and to 0 01 normal 
hydrochloric acid at both 0 to 5 C and 37 C They were rapidly mactivated 
m alkahne solution above pH 9 at both temperatures 

The stabihty of crude bacitracm prepared by several commercial laboratories 
has varied greatly Solutions m distilled water, physiological sahne, or buffer 
solutions of some lots of lyophihzed material have lost the greater part of their 
activity when stored for a few days at 0 to 5 C Solutions of other lolis have 
retamed their ongmal activity over a test period of 1 month or longer 

In the presence of hydrogen peroxide there is complete loss of antibiotic activ- 
ity The activity shows no measurable change after treatment with the thiol 
compoimds such as hydrogen sulfide or thioglycohc acid A small but defimte 
reactivation of the peroxide-mactivated bacitracm solutions has resulted from 
additions to such solutions of thioglycohc acid Scudi et al (1947) have found 
that bacitracm is partially mactivated by BAL and Na-thiosulfate 
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Solubility Bacitracin is soluble m methanol, ethanol, isopropanol, n-butanol. 
and cyclohexanol, shghtly soluble m cyclohexanone, and insoluble m other or- 
gamc solvents such as ether, chloroform, benzene, acetone, and ethyl acetate 
In aqueous solution the activity is diffusible through a nitrocellulose membrane 
which holds back particles of molecular weight 2,000 (Seibert, 1928) Some 
commercial preparations of lyophilized bacitracm have given ciystal-clear solu 
tions m distilled water m concentrations as high as 30,000 umts per ml 
Precvpitability (1) Metal ions Bacitracm is precipitated by salts of heavy 
metals This precipitation is accompanied by mactivation if the heavy metal 
ions, low m the electromotive senes, are used On the other hand, the action of 
zmc ions, high m the electromotive senes, does not result in inactivation, but 
precipitation of the active material is mcomplete 

(2) Organic acids Several orgamc acids have been found to precipitate the 
activity from concentrates tnchloroacetic, tanmc, azobenzene-p-sulfomc, ben 
ZOIC, furoic, and sahcyhc acids With the first two considerable activity dis- 
appears durmg the isolation of the bacitracm The results with benzoic acid 
were vanable Large quantities of furoic acid were required to precipitate the 
antibiotic and the percentage of recovery was low Sahcyhc acid, however, 
yielded precipitates with all batches tested, the yields were high and no mactiva 
tion has been observed 

(3) Other precipitants Bacitracm is precipitated from water solution by high 
concentrations of sodium chloride, acetone, ammomum rhodamlate, Remecke’s 
salt, and molybdic acid 

Adsorption Bacitracm is adsorbed on charcoal, Lloyd’s reagent, and alu- 
mimim oxide The problem of elution is bemg studied 

Chemical analysis The most potent preparations prepared m this laboratory 
by the sahcyhc acid method and freed from sahcyhc acid yield negative biuret 
reactions After 18 hours’ hydrolysis with 6 normal hydrochloric acid, the nin- 
hydrm and Waser color reactions are negative These negative results suggest 
that either bacitracm is not a peptide or an impurity obscures the biuret reaction 
Sakaguchi and Fohn-Marenzi reactions are negative, before and after hydroly- 
sis, mdicatmg the absence of guamdo and phenohc groups m the antibiotic The 
optical activity of a preparation assayong 45 imits per mg has been determined 
The optical density of the solutions made readmg difficult A 1 per cent solution 
m 0 02 normal hydrochlonc acid has a specific rotation at 23 C of -b 5 degrees 
(±2 5) Preparations from matenal with a lower umtage per mg had a shghtly 
higher rotation The optical activity, therefore, may ongmate in impunties 
The first commercial preparations presented for testmg purposes have been 
foimd to contain the followmg impurities free ammo acids (particularly tyrosine), 
carbohydrates, odorous acidic substances, and pigments 

STimiABY 

A progress report on the new antibiotic bacitracm is presented from the point 
of view of assay, media for production, harvestmg, concentration, punfication, 
and chemical properties 
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A tentative unit has been defined 

An Z-glutamic acid synthetic medium and a soybean digest medium have been 
proposed from the point of view of simplicity and uniformity, on the one hand, 
and high yields on the other 

The optimum time for harvestmg was found to be after 72 hours of incubation 
at 37 C 

The antibiotic can be extracted from the harvest by n-butanol and concen- 
trated by steam distillation in vacuo 

Pigmented impurities may be removed by magnesium oxide The active 
principle may be precipitated mthout loss of potency by salicylic acid 

Crude bacitracin, at present available by these methods, is highly soluble and 
such solutions are stable at 0 to 5 C for 8 months to 1 year It may be lyophil- 
ized, and in this dried state, in vacuum vials, remains stable at room temperature 
The active principle diffuses through a nitrocellulose membrane, which holds 
back particles of a molecular weight of more than 2,000 Analyses of the crude 
product seem to indicate that bacitracin is not a peptide and that the molecule 
lacks guamdo and phenohc groups 
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The present understanding of genetic principles has emerged only after ex- 
haustive study of numerous organisms characterized by vanous levels of or- 
gamzation Recently the trend has been tow ard investigations with the simpler 
orga nisms as IS illustrated by work with fungi (Beadle, 1945a, 19456, Lindegren, 
1945) and several of the protista (Moewms, 1940, Sonnebom, 1946) Analysis 
of the pattern of mutability has made even the bacteria amenable to genetic in- 
vestigation (Luna and Delbruck, 1943) Genetic studies have, however, been 
made with organisms at an even lower level of organization than those mentioned 
above Luna (1945) ^vlth his experiments on host range mutants and Hershey 
(1946a, 19466) ivith his analysis of plaque size mutants have cleared the way for 
a more complete inquiry mto the genetics of the bactenophages Research mto 
the genetics of these orgamsms may lead to the solution of genetic problems, 
which other studies have not yet resolved 

Those bactenal viruses which have been most thoroughly mvestigated geneti- 
cally belong to a group of seven phages and their mutant forms that comprise the 
T system (Delbruck, 1946) These phages, named Tl, T2, and T7, fall mto 
several subgroups on the basis of serology, electron microscopy, host range, and 
certam physiological characteristics One of these subgroups is of particular 
mterest here, the even-numbered phages, T2, T4, and T6 These phages are 
closely related serologically and show the same characteristic morphology m the 
electron microscope (Delbruck, 1946) 

Hershey (1946a, 19466) has shown that they also have another property m 
common all three are capable of mutation from the wild type, r+, to the r t3q3e 
The former type is characterized by the fact that it forms small plaques with very 
turbid halos on agar plates The mutant type, r, forms large plaques with clear 
halos Another characteristic distmguishmg r+ from r type, and probably the 
basic cause of the plaque size difference, is the time required for lysis of visibly 
turbid cultures When highly diluted, suspensions of infected bactena have the 
same latent penod between infection and lysis whether the phage used for infec- 
tion be of the r+ or the r type When, however, the infected cultures are visibly 
turbid, a difference m the latent penod occurs An r-infected culture will clear 
between 21 and 30 minutes after infection In contrast to this, a visibly turbid 
culture infected with r+ phage will not clear between 21 and 30 mmutes but will 
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remain turbid for several hours even though all the bacteria have been infected 
This condition will be referred to as “lysis inhibition “ 

The r mutations appear to offer a umque opportumty to acquire more infonna 
tion about the difference between a wild t 3 q)e gene and its mutant form as well as 
about the mechanism of action of a specific gene Therefore the difference be 
tween the r'^ and r phages was analyzed more closely Since lysis inhibition 
seems to be the cause of the difference m plaque morphology, the study of this 
inhibition was considered the most pronusmg pomt of attack The present db 
cussion deals with experiments designed to give a more complete picture of the 
mechanism of lysis inhibition 


METHODS 

In the experiments described here the progress of 131313 was followed by one of 
two general procedures either by measurements of turbidity of infected cultures 
or by plaque count assays of cultures subjected to various conchtions The tur- 
bidity measurements were made with a recently described photoelectric nephelo- 
meter (Underwood and Doermann, 1947) The bacteria used were grown in 
25-inl cultures made m 0 8 per cent nutrient broth (Difco) contaimng 0 5 per cent 
sodium chlonde Cultures were made in tubes, 175 mm by 20 mm, fitted with 
two-hole rubber stoppers, one hole having a short, cotton-plugged glass tube, the 
other a long tube reaching to the bottom of the culture and plugged ivith cotton 
at its upper end The latter is for aeration and the former for air escape and for 
the introduction of phage suspensions The medium is moculated with 0 025 
ml of a 24-hour aerated broth culture in which the bacteria have grown to satura 
tion The tube is then rigidly fixed in place in the nephelometer, which is housed 
m an incubator at 37 C After moculation the culture is aerated for 5 minutes to 
ensure thorough mixmg before the first reading is taken The tube is not re- 
moved from the nephelometer durmg the entire course of the experiment 

In taking a reading, the air flow is diverted into a side arm of the aerating sys 
tern Thirty seconds are allowed thereafter before a reading is made This 
allows the aeration tube to fill up with the culture and disturbances of circulation 
to come to rest With this procedure the readings were found to be reasonably 
reproducible 

The plaque count procedure was patterned after the one-step growth experi- 
ments first described by Elhs and Delbruck (1939) When the plaque count in- 
creases m an infected culture, lysis is assumed to be takmg place All the expen 
ments were done with bacteria in the exponential phase of growth The 
techmque as used here mvolves several steps, and each step may vary from 
experiment to experiment The steps used are as follows (a) Determining the 
bacterial titer by colony counts — this serves as a check on the number of infecte 
bacteria expected to be present when multiple mfections are made (b) Addition 
of phage and a short penod of mcubation to allow for their adsorption on the 
bacteria — this will be referred to as the primary infection (c) Addition 0 
antiphage serum, vhich will inactivate the unadsorbed phage particles but u 
not affect the adsorbed ones (Delbruck, 1945a)— it is sometimes feasible and 



1918] 


ESCHEUICHLV COLI BACTERIOPHAGE 


259 


convement to omit this step (d) Dilutions in nutnent broth for the purpose of 
diluting the antiserum to the point of relative mactivity and to reduce the titer 
of the plaque-forming infective centers to a convement level for plating (e) 
Addition of potential inhibitors of lysis m the course of the dilutions in (d) — m 
many cases these inhibitors are phage suspensions and this step will then be 
refeired to as the secondary infection (f) Plating samples for plaque count at 
various intervals to determine the degree of lysis 

RESULTS 

Turhidiinelnc cornfansons of lysts Presentation of the results obtamed by 
usmg the foregoing procedures is best begun by a discussion of the turbidity 
curves shown m figure 1 In all these curves two successive drops of the tur- 
bidity may be seen, one of these drops occurring immediately after the addition 
of the phage, and the other one beginmng at the end of the latent period of virus 
multiphcation, i e , 21 to 25 mm after mfection In the case of the r mutants 
the second drop continues umnterruptedly until the culture is clear This 
cleanng is almost complete -within 1 hour after the phage has been added 
With r+ strains, however, the second drop is smaller and is followed by a rise 
and much later by a third drop This third drop was not observed m the case 
of T2r+ The last turbidity change bnngs about what appears to the unaided 
eye to be clearmg 

It may be noted here that cultures of T2r+-infected bacteria do clear after 5 
or 6 hours as judged by visual observation The reason why this is not reflected 
m nephelometer readmgs is not clearly understood It is presumed that the 
bacteria do not break down as completely as they do -with the r mutants As 
can be seen m figure 1 there is considerable residual scattenng with all the r+ 
strains Apparently the particles remaming after lysis in r+'infected cultures, 
although too small to give gross turbidity, still retam the property of scattermg 
considerable light These lysates appear somewhat opalescent In T2r+ 
lysates this incomplete disaggregation seems to be most pronounced Further- 
more, the number of infective centers in filtered T2r+ broth lysates has m several 
cases been known to rise by a factor 2 to 3 over a period of several months m the 
refrigerator (unpublished data of M Delbruck and the -wnter) This implies 
that disaggregation of small particles may be taking place The fact that the 
burst size of T2r+-infected bactena is generally found to be smaller than -with 
those infected -with T4r+ or T6r+ by a factor of 2 to 3 lends credence to such a 
hypothesis (Delbruck, 1946) 

In order to see whether phage hberation is associated with any of the turbidity 
changes, plaque count assays were made from a T4r-^-infected culture m which 
the turbidity was followed nephelometncally Assays were made by takmg 
samples from the culture by means of capillary pipettes mtroduced through a 
side arm m the culture tube With this procedure it was unnecessary to move 
the tube or to remove the aeratmg tube from it The results are sho-wn in 
figure 2, m which the plaque titer and the turbidity are plotted against the same 
time scale The first point on the plaque titer curve is from an independent 




Fig 1 

Top Turbidimetnc comparison of l>si3 induced by T2r and T2r+ Center TurbiJi 
metric comparison of lysis induced by T4r and T4r'*' Bottom Turbidimetnc compmjoa 
of hsis induced by T6r and TBr'*’ 

In this figure, curve A represents the turbidity of the r'^'-infected culture and cu^e o 
that of the r infected culture In all cases curve A is scaled up ten umts on the turbiuit/ 
axis The multiplicitj of infection in these experiments vaned from 3 3 to 5 4 
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assay of the phage stock used for infecting the culture The ratio of phage 
particles to bacteiia at the time of infection was approvimately 2 2 to 1 

It IS seen in figure 2 that the phage titer dropped slightly m the first 15 minutes 
after addition of the vims This is presumably due to the adsorption of several 
phage particles on single bacteria _At 21 minutes the begmmng of a slight rise 
IS noted, wluch by 30 minutes has reached its mavimum with a factor of increase 
of about 30 over the lou est previous titer After this time, however, the plaque 
titer drops again Apparently only a fiaction of the bacteria have lysed and the 
phage particles liberated from this fraction aie being adsorbed on unlysed bac- 
teria About 50 mmutes after this drop, the plaque titer agam begins to rise 



Fig 2 Changes in Turbidity of a T4r+-iNFECTED Culture as Associated with the 

Liberation of Phage Particles 

Curve A shows the turbidity of the culture over a penod of several hours, whereas curve 
B shows the changes in phage titer that occurred in the same culture The multiplicity of 
infection was about 2 2 

The first rise m plaque titer occurs at the end of the normal latent penod of virus 
multiphcation and corresponds on the time scale to the second turbidity drop 
The second nse in plaque titer corresponds with the third drop m the turbidity 
measurements, which, as pointed out, corresponds to visual cleaimg The cause 
of the first drop on the turbidity curve is at present not clearly understood Its 
discussion will be relegated to a later section smce it is at this time not relevant 
to the problem of lysis inhibition 

The second drop m turbidity, which occurs simultaneously with hberation of 
phage at the end of the latent period, is the cntenon of difference between r and 
r+ phages In infections with r strains complete lysis occurs at this tune, whereas 
with strains lysis begins but is presently arrested In one-step growth expen- 
ments (Delbruck, 1940, 1946, Delbruck and Luna, 1942), m which the infected 
cultures are highly diluted before the end of the latent penod, most of the r+- 
infected bacteria do lyse without delay The failure of the major portion of the 
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r -infected bactena to lyse m visibly turbid cultures at the end of the latent 
penod must therefore be due to a substance that is released at lysis of the first 
few bactena and that inhibits lysis of the remauung ones Under conditions ot 
the one-step growth experiments lysis of aU bactena would be expected became 
of the greater dilution of the inhibitor 

Ongin and general properties of the inhibitor To test the foregoing hypothesis 
the foUowmg experiment was done A standard culture of bactena in the ev 
ponential growth phase was infected with T2r^, the phage being m excess of the 



TIME - MINUTES AFTER ADDITION OF PHAGE 

Fig 3 The Release of Phage Pabticles feoh T4r+'iNFECTBD Bacteria and 7B01i 
T 4r-iNFECTED Bacteria Exposed to the Supernatant FROii an Inhibited 

T2r'‘'-iNFECTBD Culture 

Primary Inftdum Secondary Exposure 

Curve A Tlr"*" Broth 

Curve B T4r+ Supernatant 

Curve C T4r Broth 

Curve D T4r Supernatant 

bactena Thirty mmutes later, at the time when lysis inhibition was presum- 
ably bemg effected, the unlysed bactena were removed by centrifugation The 
supernatant was then tested for its ability to mhibit lysis of bacteria previouslj 
infected with either T4r or T4r+ The test was made in the manner of the 
one-step growth experiment descnbed earlier Separate cultures of bactena 
were infected with T4r and T4r+ and, omitting step (c), were diluted after ad 
sorption, the final dilution from each being made into supernatant on the one 
hand and mto broth for the control on the other Platings ivere made on an 
mdicator stram resistant to T2, thus making it possible to estunate T4 infecti e 
centers exclusively The results, shown m figure 3, illustrate that the tuo con- 
trols gave normal one-step growth curv es The latent penod m both ca-cs endc 
before 31 mmutes In the case of the cultures diluted in the supernatant, the 
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latent period of T4r-infected bacteria was the same as in the controls In con- 
trast, the T4r+-infected bacteiia showed only veiy slight lysis at 31 minutes and 
only a httle more at 61 minutes Quantitatively it showed less than 2 per cent 
as many infective centers as the lowest of the other cultures Several other 
experiments verified these results From this experunent it may be concluded 
that the supernatant contained an agent which can inhibit the lysis of the T4r+- 
infected bacteiia but not that of T4r-infected bacteria 

In order to test whether lysis ultimately occurred because of the breakdown 
of the inhibitor or whether inhibition was finally oveicome m spite of the presence 
of inhibitor, cleared lysates of T2r+ were tested for inhibitory power The tests, 
conducted m the same way as the previously described tests of the T2r+ super- 
natant, showed that lysates do contam inhibitor Similarly filtrates of cleared 
T2r+ lysates were shonm to contain inhibitor even after long storage in the 
refngerator In all subsequent experiments, therefore, filtrates were used as 
inhibitory agent unless otherwise specified 

These results, coupled ivith those previously described, give nse to the h 5 rpo- 
thesis that possibly all stock filtrates contam this inhibitor but that only r+-m- 
fected bacteria are susceptible to the inhibitory action To test this h 5 q)othesis, 
T1 and T2r stock filtrates were tested for their abihty to delay lysis of T4r+- 
infected bactena The experiments were performed like those above, with 
min or modifications The T1 filtrate showed no difference from broth and the 
T2r filtrate only a very slight effect T2r+ filtrate used m precisely the same way 
agam showed inhibitory action The fact that the T2r filtrate did show a very 
shght effect might, if significant, be ascribed to the action of inhibitor produced 
by T2r-infected bactena or it might also be due to the presence of a very small 
fraction of T2r+ particles which are always present m T2r stock because of 
mutation from r to r+ and selection of the wild type (Hershey, 1946a, 1946b) 
Thus, for inhibition of lysis it is necessary that the bacteria be infected with 
an ?•+ phage For marked inhibition it is further necessary that the inhibitor 
be denved from bacteria lysed by r+ phage 

Charactenzaiion of the inhibitor Several techmques were used in an effort to 
determme certam characteristics of the inhibitor In order to obtam some idea 
of the size of the substance involved, its abihty to pass through a cellophane 
membrane was tested Five ml of a high titer T6r+ broth filtrate were placed 
m a thistle tube whose end was covered with cellophane The covered end was 
submerged m five ml of nutrient broth and incubated for 18 hours at 37 C A 
sample of the parent T6r+ filtrate was diluted with nutrient broth by a factor 2 
and incubated as a control The dialyzate was assayed for phage to check 
against leakage It was then compared with the incubated filtrate for its abihty 
to inhibit lysis of B infected with T4r+ The dialyzate showed no inhibitory 
effect whatsoever while the control showed decided inhibitory action It was 
evident that the inhibitor is not a small, rapidly diffusmg molecule 
The estimate of the size of the inhibitor was further limited by testing its 
sedimentabihty A high titer broth stock of T6r+ was centrifuged at ca 9,000 g 
for one hour m an angle centrifuge, and the supernatant was removed and 
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assayed for phage particles It was found to contain 5 4 per cent of the onginol 
titer This supernatant was compared with a sample of the untreated stock for 
inhibitmg power T4r+ on B was the testmg agent Table 1 shows the results 
as measured by the step size estimated from plaque counts during the expected 
period of lysis inhibition It is clear that the inhibitory action was reduced by 
centrifugation, roughly m proportion to the titer of T6r+ m the solution tested 
Thus the untreated lysate, diluted by a factor 20, showed marked inhibition, 
almost as much as the undiluted supernatant The T6r+ titers were comparable 
m these cases 

It should be noted here that the low step sizes shown m table 1 cannot be 
accounted for by the depressor effect descnbed by Delbruck (1945&) This is 
known from the fact that later platmgs showed the phage yield to be as large 

TABLE 1 


Effect of sedimentation of the virus particles on the inhibitory power of a TSr'^ lysate 


INHIBITOi 

TOTAL DILUTION OF 
INHIBITOIt 

T6 TITEB IN INHIBITION 
TUBE X 10* 

STEPSIZZ’ 

None, broth control 

00 

0 

296 

Untreated lysate 

10 

240 

3 

Untreated lysate 

20 

1 

120 

10 

Supernatant 

1 

1 

130 

6 

Supernatant 

20 

6 5 

306 


A broth stock of TGr"*" was centrifuged at high speed and the supernatant removed and 
assayed for phage particles It was found to contain 5 4 per cent of the original T6 titer 
The supernatant was compared with the untreated stock for inhibiting poiver on the lysn 
of T4r'*‘-infected bacteria 

* Determined between 35 and 40 minutes after the primary mfection 

or larger from the inhibited bactena as from the controls which w ere not infected 
secondanly This consideration also holds true for the experiments descnbed 
m tables 2 and 3 These are discussed later 

The rough quantitative agreement between the sedimentabihty of the phage 
and the inhibitor suggests that the phage and the inhibitor have about thesame 
size and pomts to the possibihty that the phage itself might be the inliibituig 
pnnciple This hypothesis was subjected to several tests First, a refinement 
of the centrifugation experiment was performed A sample df phage punfied 
by a differential centrifugation procedure was tested for its ability to inhibit 
lysis of T4r+'infected bactena The punfied phage was prepared by Dr Sey- 
mour Cohen accordmg to the foUowmg procedure Sl\ liters of T2r+ ly^te 
were centrifuged at 4,000 rpm for 30 minutes This throws dowm the large 
particles of bactenal debns, leaving the phage m the supernatant The latter 
was spun at 10,000 rpm for 2 hours, and the pellet taken up m 1 per cent 
chlonde This suspension was agam centrifuged at 4,000 rpm for 1 hour T a 
phage m the supernatant was sedimented at 10,000 rpm for 2 hours and the 
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pellet taken up m 100 ml of 1 per cent sodium chloride The final matenal 
contained about 8 X 10“ phage particles per ml (by plaque count assay) For 
the present expeiiment a dilution was made in broth to bring the titer to 3 X 10* 
The latter suspension was used as the inhibitor The experiment was made m a 
manner similar to previous experiments and is descnbed m the legend to figure 4 
Clearly the purified phage did increase the latent penod 
A second test of the hypothesis that the phage itself is the inhibitor is descnbed 
in table 2, which shows the results of an experiment in which the lysis-mhibiting 
T6r+ stock was treated with specific rabbit anti-T6 serum One aliquot of a 
filtered T6r+ stock was mcubated for 30 mmutes at 37 C with a smtably diluted 



TIME - FROM ADDITION OF PHAGE (PRIMARY) 

Fig 4 The Effect op Purified Phage in Delating Lysis op T4r+-iNPECTED B 

The purification of the phage, based on differential centrifugation, is descnbed in the 
text The steps involved in testing this effect are numbered from 1 to 4 above the time 
scale step 1, primary infection of B ivith T4r'*', step 2, dilution into broth (curve A) and into 
phage (curve B) (second infection) , step 3, further dilutions, step 4, platings for assays 

antiserum It was then diluted sufiiciently to reduce the serum titer to negligible 
activity and assayed for T6 particles With T4r+ on B, the serum-treated 
T6r+ stock was compared with an ahquot of the same stock that had been in- 
cubated in broth contaimng no serum The table shows a close parallelism 
between phage titer and inhibitmg power This is m agreement with the 
hypothesis stated above 

A further test made to determine whether the specific properties of the m- 
hibitor agree with those of the phage particles depends on the fact that certain 
phage-resistant mutants of strain B will not adsorb the phages to which they 
are resistant (Luna and Delbruck, 1943) For example, the stram B/6, used to 
assay T4 in the previously descnbed experiments, will not adsorb T6 There- 
fore, it was reasoned, if the inhibiting agent is the phage itself, T6r+ mixed with 
high titer B/6 should lose none of its abihty to inhi bit lysis, mixmg it with B 
(which will adsorb T6), however, should reduce the inhibiting titer because of 
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loss of the phage titer If, on the other hand, some agent other than the phat-a 
IS responsible for the inhibition, then it seems likely that it should be adsorbd 
equally well on B and on B/6 To test these alternatives the e\-pennient 
descnbed m table 3 was made It can be concluded from this ex-penment that 
contact with B reduced the inhibitmg potency of the TGr"*" stock, whereas contact 
with B/6 did not Within the hunts of error of such an experiment the reduction 
of inhibiting power was proportional to the reduction of the phage titer 
Another result that would be expected if the phage itself is the inhibiting agent 
IS this if B/6 were infected with T4r+, then lysis of this system should be in 
hibited in the highly diluted growth tube by the presence of T2r'*' since it can be 
adsorbed on such a system, the presence of a Tbr"*" lysate, however, should have 


TABLE 2 


Effect of treatment with specific antiphage serum on inhibiting power of a filtered 

TSr*^ lysate 


INHIBITOR 

TOXAL DILDTION OF 
INHIBITOR 

TITER OP ACTIVE T6 IN 
HIBITION TUBF X 10* 

SIZPSIZZ* 

None, broth control 

' 1 

CO 

0 

193 

Untreated lysate 

100 

380 

9 6 

Untreated lysate 

400 

95 

33 5 

Untreated lysate 

1,000 

38 

126 

Untreated lysate 

4,000 

9 5 

218 

Treated lysate 

10 

260 

10 4 

Treated lysate 

100 

26 

231 


An aliquot of a TSr'*' lysate was incubated at 37 C with a suitably diluted anti-T6 serum 
The factor of inactivation was 14 3 The treated portion and an untreated portion I'ci® 
compared for their ability to inhibit lysis of B by T4r''' 

* Measured between 35 and 40 minutes after the primary infection Later platings 
showed that in all cases a step size of 200 or greater was attained 

no effect on the time of lysis The experiment made to check this prediction i3 
outhned in figure 5 It is seen that lysis of the system T4r+ on B/6 ivas not 
inhibited m either broth or T6r+ suspension The T2r+ did, however, increase 
the latent penod, showing the system to be susceptible to inhibition 
From the last two experiments descnbed it seems clear that one common 
property of phage and inhibitor is the specificity of host range, for the inhibitor 
will act only on a host capable of adsorbmg the phage and is removed from t c 
filtrate by adsorption only on such bactena as are capable of adsorbing t e 
phage A second common property is that of specificity of reaction with an i 
serum Inhibitor and phage are inactivated at the same rate by specific anti- 
phage serum A third characteristic common to both is that of size Neit cr 
inhibitor nor phage will pass through a cellophane membrane, but both are =c ' 
mented at the same rate m the centrifuge These results demonstrate that 
cause of lysis inhibition is the secondary adsorption of an phage 
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Factors influencing the inhibition of hjsis With the phage thus shown to be 
the inhibitor, the ne\t problem studied concerned the number of phage particles 
adsorbed per bacterium in the secondary infection necessary for a delay of lysis 
In order to set a lower limit on the estimate, an expenment was performed m 
which T4r+-infected bactena were exposed to T2r+ at several concentrations 
for a period of 5 minutes in the middle of the T4 latent period Four simultane- 
ous one-step growth curves of T4r+ on B were made The procedure was to 
mix a rapidly growing culture of B (1 6 X 10® bacteria per ml) with about 10 T4 
particles per bacterium Two minutes were allowed for adsorption, and then a 

TABLE 3 


Inhibiting ■power of TSr* lysate after exposure to sensitive and to resistant bacteria 


INniDXlOU 

* TOTAL oaOTIOH OP 

INnlBlXOA 

TITER or T6 IN nrammoN 
TUBE X 10* 

STEP SIZE* 

None, broth control 

03 

0 

186 

Untreated lysate 

100 

400 

12 1 

Untreated lysate 

400 

100 

26 8 

Untreated lysate 

2,000 

20 

240 

Exposed to B/6 

80 

450 

10 5 

Exposed to B/6 

320 

112 

25 5 

Exposed to B/6 

1,600 

22 

244 

Exposed to B 

40 

61 

24 8 

Exposed to B 

130 ! 

19 

336 


Aliquots of a T6r+ lysate were added to cultures of B and of B/6 The bacterial cultures 
were standard 150 minute cultures in the exponential phase of growth and at a titer of 
about 5 X 10^ bacteria per ml The phage lysate was added in the volume ratio of 1 40 
giving a titer of about 10’ particles per ml Adsorption on B was allowed to proceed for 
4 minutes, at the end of which time the culture was poured on a sterile, sintered, glass filter 
Adsorption on B/6 was allowed to proceed for 11 minutes before filtration was begun Fil- 
tration in both cases was completed in 2 minutes and 30 seconds The filtrates were as- 
sayed twice for their phage titer and then tested for their ability to inhibit lysis of T4r+- 
infected bacteria 

* Measured between 35 and 40 minutes after the primary infection 

dilution by a factor 10 was made into specific anti-T4 serum This reduced the 
titer of unadsorbed T4 to a level which would not mterfere with the sigmficance 
of the results After aUovsnng 7 minutes for serum action, a dilution by a factor 
40 was made mto broth as a control and mto three concentrations of T2r+ as 
experunentals The titers of T2 were, respectively, 6 X 10^, 3 X 10®, and 1 5 X 
10® particles per ml Five minutes were allowed for this secondary infection, 
then each culture was diluted by a factor 100 in broth, and platmgs from these 
tubes were made against an mdicator stram resistant to T2 Further dilutions 
were made from these tubes for convemence m later post-burst platings Plat- 
mgs were made at intervals and the results are seen m figure 6 In aU cases the 
growth curves from the expemnental cultures show a longer latent penod thnn 
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at a stiU higher^cwSfo^a 2 X ^ 

The growth curve fonowe^Mloutro’S’Xtt ”° 



Fig 5 


TIME- MINUTES AFTER ADDITION OF PHAGE (PRIMARY) 

Exposubb of B/6 Infected with T4r+ to a Secondabt Addition of Ttr* 

IN OONTBAST TO A SecONDAET ADDITION OF l^r+ 

vnlvpH ^ n ^ adsorbing T6 but adsorbs T2 rapidly The steps m 

niimhprpH ,^i"®ate IS capable of inhibiting lysis of T4r+-infected B are 

thp nrimowJo!? ^ Scale in the figure Step 1 shows the time allowed for 

fnr +I.P ^ adsorption of T4r From the adsorption tube a dilution was made into broth 
Tfir+ A), into a suspension of r2r+ (curve B), and into a suspension of 
1 ' f j I ®P * indicates the time allowed for the secondary exposure Step 3 in 

voives turtPer dilutions for convemence in plating, and step 4 indicates the period 
ov^ wnicn platings are made These platings determine the points on the curves 

Ine Parpose of curve B (secondary infection by T2r+) is to show that the system B/C m 
fected with T4r+ is capable of being inhibited 


Thus the lower hirut of inhibition in these expemnents was reached in the 
range 1 2 to 6 0 X lO^ particles per ml The number of phage particles ad- 
sorbed under these conditions may be estimated as follows The amount of T2 
adsorbed may be calculated from the expression 

jV/No = (1) 

in w'hich 1 — N/No is the fraction of phage adsorbed, B is the bacterial titer, 
t IS the time of exposure (in mmutes), and L is the adsorption rate constant 
characteristic for each phage-bactenal system The value of L may be estimated 
from experiments with higher concentrations of B Thus, ivhcn T2 is added 
to a culture of rapidly growmg bactena at 5 X IQi organisms per ml, the fraction 
of particles adsorbed m 5 minutes is between 75 and 95 per cent Substituting 
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these values m equation (1) we find that h for our system hes between the values 
5 5 X 10-» and 1 1 X IQ-® Again using equation (1) and assuming k to be 
between the limits just found, we can calculate the number of particles adsorbed 
m the inhibition experiment For a T2 concentration of 6 X 10^ we thus find 
average multiphcity of secondary infection to be between 1 6 and 3 5 The 
conclusion drawn from this experiment is that one, or at most very few, phage 
particles are capable of delaying lysis of an infected bacterial cell 



TIME -MINUTES AFTER ADDITION OF PHAGE (PRIMARY) 

Fig 6 Determination of the Lower Limit for the Number op Phage Parttcles 
Which Must be Adsorbed on a Bacterium to Delay Lysis 

This figure shows the inhibition curves obtained when a T4r+-infected B culture was ex- 
posed to three concentrations of T2r+ as compared to the control curve where no secondary 
infection was made The details of the experiment are described in the text For the 
method of determimng the average number of phage particles secondarily adsorbed per 
bacterium, see text 

The number written on each curve shows the titer of T2 per ml in the secondary adsorp- 
tion tube 

If inhibition is caused by a secondary adsorption of r+ phage particles and 
can be effected even though the average multiphcity is as low as 3 5, then one 
would expect inhibition of lysis in cases m which a sufficient excess of phage 
particles is given m the primary infection To test this correlation, four simul- 
taneous one-step growth experiments were made with different multiphcities 
of T4r+ infection The multiphcities used were 0 4, 4, 10, and 33 Five minutes 
were allowed for adsorption and during this penod 94 per cent of the virus 
particles were adsorbed Then a dilution of 40 (20 in the case of 0 4) was made 
mto antiserum of sufficient titer to reduce the unadsorbed phage by a factor 
8 X 10’ m 10 mmutes After the period of serum action a dilution of 600 was 
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made for the first growth tube Platmgs were made from this tube and from 
subsequent dilutions 

The results, seen in figure 7, show that marked inhibition occurred only jn 
the tube with the highest multiphcity, which was 33 The 10-foId infection 
showed none, in spite of the fact that, on the average, each bacterium adsorbed 
9 4 phage particles This suggests that the primary and secondary infections 
must be separated by several mmutes Some estimate of this separation maj 



TIME- MINUTES FROM ADDITION OF PHAGE 

Fig 7 The Effect of the Multiplicity of Primary Infection on the Latent Period 

OF r^-INFECTED BaCTERIA 

Four cultures of B were infected with the following average multiplicities of Ttr'*', respec 
tively 0 4 (curve A), 4 0 (curve B), 10 (curve C), 33 (curve D) Five minutes were allortcu 
for adsorption (step 1) Then a dilution was made into appropriately diluted antiserum to 
stop further adsorption and to inactivate unadsorbed phage particles (step 2 ) Dilutions 
were made from the antiserum tubes (step 3) , and platings were made to determine the dura 
tion of the latent period and the step size (step 4) 


be obtained by detennming how many particles will be adsorbed in each minute 
of adsorption With equation (1) again, the number of phage particles adsorbed 
per bacterium in each successive mmute was calculated and the results tabulated 


TIHE INTEaVAI, 
(iHNUTZS) 

% ADSOKBED PES 
INTZEVAt 

AVE2ACE ADSORBED PER B iCTERJUU PER M WIE 

4X 

lOX 

J3X 

0-1 

43 

1 7 

4 3 

14 2 

1-2 

24 

1 0 

2 4 

7 9 

2-3 

14 

0 6 

1 4 

1 6 

3-4 

S 


0 8 

2 0 

4-5 

5 

0 2 

0 5 

1 G 

0-5 

94 

3 8 

9 4 

30 9 
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We have seen that 3 phage particles adsoibed secondarily are sufficient to 
effect inlubition Since in the 10-fold multiphcity there were still 5 1 particles 
to be adsorbed after the first minute and no inhibition occurred, we can conclude 
that more than 1 nunute must separate the pnmary and secondary infections 
Judging from the multiphcity of 33 which did show inhibition, however, the 
secondary infection could come as httle as 2 or 3 minutes after the primary 
infection 

Several experiments were also done to test at what time an infection with a 
heterologous r+ phage could induce lysis inhibition After primary infection 
with T4r+ secondary infections were made ivith T6r+ In several experiments 
2-minute ex-posures were made at the following times 4 5, 10 0, 12 5, 14 0, and 
18 0 In all cases lysis was delayed from 20 to 30 minutes over that in the 
controls The results did not show a sigmficant difference in the effectiveness 
of the secondary infection as a function of the time when it was apphed In 
another e\"periment 1-minute exposures were made at 1 5 minutes and at 5 0 
minutes In both of these cases inhibition was clearly evident To test closer 
mtervals than 1 5 minutes is techmcally difficult, and the results are difficult to 
mterpret because of the “depressor effect” previously descnbed by Delbruck 
(19456) 

Investigation of the first drop in turbidity The cause of the imtial drop m 
turbidity seen in all the nephelometnc curves in figure 1 is, at present, not clearly 
understood It could be due to lysis of bacteria, to some alteration in thehght- 
scattenng properties of the newly infected bactena, or to both of these causes 
The results shown in figure 1 show only that it is common to all six phage- 
bacterial systems used m these expenments Other experiments have shown 
that it occurs also with T5 but not ivith T1 (Underwood and Doermann, 1947), 
T3, or T7 Assays of the number of infected bactena dunng the latent penod 
and comparison of this number with the number of bacteria present before m- 
fection (from colony count assays) showed httle or no loss of infective centers, 
and hence this dip would not be thought to be due to lysis of the bactena This 
cntenon is not very rehable, though, since the magmtude of the difference is not 
large and since other factors cannot be controlled One such factor is the divi- 
sion of bacteria m the first few minutes after virus addition and before they have 
actually adsorbed a phage particle Another factor is the possibility that 
infected bactena might be capable of dividing Either of these factors might 
compensate for the infective centers lost by lysis 

The question of the mterpretation of the first drop in turbidity was also 
approached from a slightly different angle Turbidity measurements were 
made of cultures of bactena infected with varying amounts of T6r, T6r+, and 
T4r+ Several facts can be determined from a study of figure 8, which shows the 
curves obtamed with infections of vanous multiphcities In the case of T4r+ 
it is noted that the imtial dip with a multiphcity of 3 6 is only slightly smaller 
than -with multiphcities of 13 and 16 Also it is seen that the recovery from the 
dip proceeds at a slower rate as the multiplicity increases This could readily 
be interpreted if one assumes that the character of the bactenal surface changes 
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because of the adsorption of phage particles and that one or a few phage particles 
are about as effective as 10 to 15 in bnnging about this change Fi^hermore 
one must assume that after most of the phage particles have been adsorbed* 
recovery of the ongmal surface takes place One would expect this recoiery 
to be delayed considerably at such high multiphcities as 61, where adsorption 
contmues over a longer penod of time This is seen to be the trend in figure 8-A 
The curves showing the effect of vanous multiphcities of T6r and T6r+ show 
several notable differences, however Except at the lowest multiphcities, TCr 



Fig 8 The Initial Dbop in Thbbidity as a Function of the Avebaoe Mcltiplicitt 

OP Infection 

(A) infection with Tlr+j (B) infection with T6r, (C) infection with TBr'*' 

The multiplicities of infection are written with each curve The encircled points hava 
been corrected for the umnfected bacteria present, on the assumption that these bacteria 
maintain their normal exponential grow th rate , 

The turbidity is shown from the time of addition of the phage suspension, and for the 
sake of comparison all turbidities were at this time arbitrarily adjusted to 100 The ab 
solute bacterial titers were 5 to 10 X 10^ B per ml which is in the exponential phase ot 
growth All infections with a given phage were made from the same stock filtrate 

mduces a larger dip than T4r+ for comparable phage-bactenal ratios T6r^ 
produces an even larger dip than T6r Another difference, particularly notice- 
able m figure 8-C, is that the recoveiy is absent in T6r+-infected bacteria 1 hcsO 
experiments then suggest that the dip is due to an irreversible loss and probably 
due to lysis of a fraction of the bactena Emphasis for this suggestion comes 
from the 80 per cent drop in turbidity at a multiplicity of 39 ivith TGr+ Cx- 
armnation of this tube at 20 minutes showed it to be completely clear so lar as 
the naked eye could see Thus, m T6 infections one w ould be inclined to suspect 
lysis from svithout (Delbruck, 1940) as tne cause of part of the imtial dip, whereas 
with Tdr"*" some reversible process seems to cause it 
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Lysis fiom without is probably not the sole cause of the dip even in the T6 
curves, since, with a multiplicity of 2 7 of T6r, a recovery is very obvious even 
when the curve is corrected for umnfected bacteria With the two lowest 
multiplicities of T6r+ (1 1 and 2 4), the lower of the two shows a slightly greater 
drop than does the higher multiplicity This is not in agreement mth the 
general trend of the rest of the T6 curves in which the amount of lysis from 
without 13 directly related to the multiplicity of infection These two considera- 
tions point to the hkehhood that there is an imtial dip even here that is not 
caused by lysis of bacteria The most satisfactory explanation of the imtial 
dip appears to be some change m the light-scattering properties of the infected 
bacteria, but high multiphcities of infection induce an additional drop that is 
due to lysis of a fraction of the bacteria ^ 

One further indication that the imtial dip in turbidity is due to a change in 
all the bacteria comes from experiments with T5 It is known that certam 
phages require that calcium be present in the medium m order for them to 
complete a cycle of infection, reproduction, and lysis T5 has this requirement 
Calcium IS, however, not required for the growth of E coli strain B nor for the 
adsorption of T5 on the host When bacteria are infected with T5 m a medium 
in which calcium is available, a dip and subsequent recovery occur and lysis of 
the bacteria follows at the expected time (Underwood and Doermann, 1947) 
However, when T5 infection takes place m a medium where no calcium is avail- 
able (in these experiments with oxalate present), the dip takes place, but neither 
recovery nor lysis are observed It appears from this that recovery from the 
dip depends on some system which requires calcium to reverse the cause of the 
dip, rather than on cell division to compensate for the loss of a fraction of the 
bacteria 


DISCUSSION 

The results descnbed above present the foUowmg picture of the actual events 
occurrmg under conditions of lysis inhibition Bacteriophages of the t 3 q)e 
infect bacteria that reproduce the phage dunng the latent period, at the end of 
which lysis begms, first m a few bacteria, but increasing rapidly Immediately 
after liberation of the first new phage particles they become readsorbed on those 
bacteria which have not lysed The reactions mvolved m and following this 
secondary adsorption of an r+ phage delay the lysis of the secondarily infected 
bactena 

The results of growth tube experiments have, however, never duphcated the 
long delay in lysis shown by nephelometric detenmnations The nephelometer 
experiments indicate a delay of 75 to 160 mmutes while growth tube experiments 
show delays of 15 to 40 mmutes This difference may be due to the fact that 
the situation m the growth tube is not quite analogous to that in the adsorption 
tube First, m growth tube experiments it is not expenmentally feasible to 
make a homologous secondary infection as late m the latent penod as it occurs 
m the adsorption tube, smce to wait until some bacteria burst would make it 
impossible to distinguish between the effects of the products of the burst and 
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the phage added from the outside Furthermore, m the adsorption tube a sell- 
regulatory system exists m that inhibitor is produced only if and when the in- 
hibition begins to break down This type of system could promote extended 
delay of lysis, smce bactena would lyse until a secondary mfection became 
sufficient for stoppmg lysis, and more bacteria would lyse only to the extent of 
mamtaimng a sufficient level of secondary infection It is not feasible to mutate 
this situation in growth tube experiments 

The difference between the results of the two techmques may also be due to 
the fact that they measure two different things It is very difficult to determine 
from turbidity measurements the exact tune when the inhibition of lysis begins 
to break down in the adsorption tube, since this drop in turbidity is a verj 
gradual one On the other hand, the growth tube experiments measure the 
begmmng of phage hberation more accurately It might also be noted that in 
at least one experiment in which both the primary and secondary infections 
were made with the same phage (T4r+), the iiffiibition did last longer Perhaps 
there is a difference in the effect of heterologous and homologous secondarj 
infections 

Considering these conditions and differences it is not unreasonable to make 
the assumption that the condition of lysis inhibition in the adsorption tube is an 
extension of the phenomenon observed in the growth tubes 

Although the experiments discussed here reduce the phenotypic difference 
between and r from a mass culture effect to one concerning individual bacteria, 
nevertheless they do not elucidate the mechanism underl 3 nng the difference 
It IS clear that the mechanism mvolves the new phages to be liberated or some 
by-product of their production It is also seen that the type of phage which is 
secondarily adsorbed determmes whether or not lysis will be delayed It might 
then be said that both of these reactions are type-specific since they both depend 
on the type of phage mvolved Thus it is requisite that the bactena be both 
primarily and secondanly infected with the r+ type for inhibition of lysis But 
we have no clue from these experiments as to what r+ accomphshes inside the 
bacterium that the r does not accomplish or vice versa And we do not know 
what r+ prevents from happemng when it is secondanly adsorbed 

Even though these results do not explain the mechanism, they do point to 
several types of experiment that might be done in an effort to learn more about it 
For we can now break the mechanism down mto effects caused by the pnmary 
mfection and those caused by the secondary infection Since it is known, for 
example, that the secondary infection is one of the determimng factors, it can 
be mvestigated further usmg mutant phages which reqmre adsorption cofactors 
(Anderson, 1945) Early experiments with synthetic media gave complicate 
results, presumably because of the lack of adsorption cofactors in the medium, 
but now, wnth additional expenmen ts, we may be able to interpret them 
might also be possible to duphcate the phenotypic difference by exposing e 
infected bactena to specific respiratory poisons shortly before lysis In t is 
way one might learn something about the chemical nature of the reactions m 
volved Still another approach might be that of treating the phages to 
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adsorbed secondarily in an attempt to remove the inhibition property from the 
r+ phages or to add it to the r phages 

One further point that deserves mention is the fact that there is a decided 
increase m the number of phage particles liberated per bactenum after lysis 
inhibition has been effected Figures 4, 5, and 6 show that the step size is 
higher when T4r+-mfected bacteria are inhibited than when they are not m- 
hibited Hershey (1946a) has noted that T2r+ has a selective advantage m cases 
in which it IS competing with T2r for survival in mixed cultures This is true 
m spite of the fact that the mutation rate from to r is considerably higher than 
IS the leverse rate Since r-infected bacteria do not respond to lysis inhibition, 
the r+ burst size becomes effectively larger than the r burst size Whether this 
difference is an important factor m mamtaming the wild type cannot be decided 
without closer analysis, but the results are suggestive of that hypothesis 
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SUMMARY 

Lysis caused by r+ and by r strams of the even-numbered phages active on 
E coll stram B is studied both by means of plaque count methods and by tur- 
bidimetry From the turbidimetnc studies it is seen that one characteristic 
common to all the lysis curves discussed is an mitial dip in turbidity, which 
occurs immediately after addition of the phage Present evidence mdicates 
that it IS due to a reduction and recovery m the hght-scattermg properties of 
bacteria resultmg from the phage infection With high multiphcities of infection 
immediate lysis of a fraction of the bacteria is also mduced, and this adds to the 
magmtude of the mitial drop A second drop occurs in all cases at the end of the 
normal latent penod This drop is, however, quite different with r+ infection 
from what it is with r infection With the r phages it contmues to complete 
clearmg, but with the r+ phages it is small and is succeeded by a nse m the curve 
This difference is the basic difference between r+ and r infections, and it has here 
been called lysis inhibition After the period of inhibition a third drop m 
turbidity occurs, except with T2r+, and this drop represents complete cleanng 

The further analysis of lysis inhibition has yielded the following picture 
the phenomenon reqmres that a bactenum be mfected twice by r+ phages of the 
same or similar type, the second infection, if it is an infection by the same type 
of phage as the first, may come any time after the primary infection has been 
established, which takes about 3 minutes, present evidence mdicates that a 
second infection by only a single phage particle wiU accomphsh the inhibition 

Lvsis inhibition has the effect of increasmg the burst size 
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Sulfaguamdine, sulfamerazme, and sulfaauxidme have been found to be 
particularly effective in preventing the growth of the gram-negative intestinal 
bacilh Each compound has a different N' substituted group Berlanan and 
Koser (19-43) have shown that sulfap 3 rn(hne mterferes ivith nicotmanude- 
stimulated respiration of a dysentery bacillus It has been shown that sulfa- 
thiazole inhibits the carboxylase activity of Staphylococcus aureus (Sevag et al , 
1945) Both of these inhibitions are thought to be due to mterference by the 
N' substituted portion of the sulfonamide molecule with a structurally similar 
part of a coenzyme molecule Sevag and Green (1944) have shown that sul- 
fonamides mterfere with the metabolism of S aureus by preventmg the synthesis 
or utilization of the essential ammo acid, tryptophane Para-ammobenzoic acid 
(PABA) reverses the action of almost all of the sulfonamides and is thought to do 
so because of its structural similarity to the parent molecule, sulfanilamide It 
competes with the sulfonamide for an active site on an enzyme of the bactenal 
cell Smee it acts as an inhibitor of growth, Sevag, Henry, and Richardson 
(1945) suggested that it reverses the sulfonamide action by successfully com- 
petmg for the enzyme but is itself much less inhibitory than the sulfonamide 
Para-ammobenzoic acid has been shown to be a gro^vth factor for a few organ- 
isms Comprehensive reviews on this subject and on the mode of action of the 
sulfonamides have been published by Henry (1943) and by Sevag (1946) 

The precedmg statements mdicate that, if any physiologically active compound 
reverses the inhibition of sulfaguamdme, sulfamerazme, or sulfasuxidme, it is 
either a growth factor, the utilization or synthesis of which is bemg mterfered 
with by the particular sulfonamide, or it is so closely related structurally to some 
part of the sulfonamide molecule that it is competmg with it for an active site on 
the enzyme that takes part m normal metabohsm It was thought that com- 
pounds that (1) were parts of coenzyme molecules or contamed parts of these 
molecules, (2) were ammo acids necessary to growth, or (3) were structurally 
similar to part of the sulfonamide molecule would be mterestmg to mvestigate 
m relation to their effect on the bactenostatic action of the sulfonamides Such 
an mvestigation might yield further information about the mode of action of 
these sulfonamides, and it might reveal a synergistic combmation worthy of 
therapeutic trial 
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search Fund 
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The experimental work here presented was designed to determine the effect 
of several compounds on the rate of growth, the glucose metabolism, and the 
sulfonamide bactenostasis of Escherichia coli and Salmonella -paratyphi B Their 
effect on these organisms, m the absence of sulfonamides, was detemimed first, 
smce this often gives a clue as to the t 3 T)e of action bemg exerted The t«o 
orgamsms were chosen because both are gram-negative intestmal bacteria with 
different biochemical activities, and both could be grown in a simple S3mthetic 
medium Several of the compounds have not been previously tested for their 
effect on the growth of E coli and none of them on Salmonella paratyphi B 
Their effect on the bacteriostatic action of the three sulfonamides likewise has 
not been previously reported 

EXPERiaiENTAL METHODS 

Organisms The E coli and S paratyphi B were stock cultures from our own 
laboratory They gave t 3 ^ical biochemical reactions These organisms were 
inoculated into nutnent broth, and the 24-hour growth was centrifuged and 
washed tivice m the synthetic medium, without the glucose, given below The 
washed organisms were suspended m 5 ml of this medium used m the growth 
determmations 

Measurement of effect on growth The compounds hsted in table 1 were dis- 
solved m redistilled water and autoclaved, with the exception of thiammo, wluch 
was sterilized by filtration Each was added to 4 ml of the inoculated grow th 
medium m the concentrations of 2 micrograms per ml and 100 micrograms per 
ml The growth medium had the followmg composition 


Sodium ammomum hydrogen phosphate log 

Potassium dihydrogen phosphate 1 0 g 

Magnesium sulfate 0 2 g 

Glucose 6 0 g 

Redistilled water 1,000 0 ml 


The final volume was adjusted to 5 ml with redistilled water The tubes were 
mcubated at 37 C and growth was determmed by observing the turbidity at 
mtervals 

The sulfonamide solutions were sterihzed by bemg placed in boiling water for 
10 minutes The concentration of each that would just prevent growth in 21 
hours was used m all tests Tubes were set up, and inhibition or revers d of 
inhibition in the presence of the 19 compounds previously tested for the effect on 
growth m the absence of sulfonamides was determmed by observing the tur- 
bidity Controls with no added test substances were mcluded with each e\pen 
ment All tests were set up in tnplicate, and results were considered positive 
only when all three tubes m each test were positne Results shown in the 
tables are deni ed from at least three separate determinations 

Measurement of acid production and glucose utilization Twenty ml of medium 
containmg the compounds that had been found to effect grow th w ere used 1 he 
sulfonamides were added m the concentrations used in the growth determma 
tions One ml of each culture was removed after 72 hours’ incubation, dilute 
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TABLE 1 


Effect of several compounds on the growth of E colt and S paratyphi B 
with and uithout sulfonamides 


COUPOUKDS TESTED 

CONC 

MS/ml 

S PAXATYPni D 

£ COU 

No 

sulfa 

0 05 
mg/ml 
sulHimer 

0 05 
mg/ml 
sulfaguon 

0 05 
mg/ml 
suliasux 

No 

sulfa 

0 005 
mg/ml 
sulfamer 

0 1 mg/ 
ml sul 
faguan 

Thiamine 

2 

0 

0 

0 

0 

0 

0 

0 



— 

0 

— 

— 

0 

0 

0 

Riboflavin 

2 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

Nicotinic acid 

2 

+ 

0 

0 

0 

0 

0 

0 


100 

+ 

0 

0 

0 

0 

0 

0 

PyndoMne 

2 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

Mix of 4 above 

2 

0 

0 


0 

0 

0 

0 



— 


— 

— 

0 

0 

0 

Choline 

2 

0 

0 

0 

0 

0 

0 

0 


100 

0 

0 

0 

0 

0 

0 

0 

Calcium pantothenate 

2 

4- 

0 

0 

0 

0 

0 

0 


100 

+ 

1 

0 

0 

0 

0 

0 

0 

Inositol 

2 

0 

0 

0 

0 

0 

0 

0 


100 

0 

0 

0 

0 

0 

j 

0 

0 

PABA 

2 

0 

+ 

+ 

+ 

0 

+ 

+ 


100 

— 

+ 

+ 

+ 

— 

+ 

+ 

Urea 

2 

+ 

0 

0 

0 

0 

0 



100 

+ 

0 

1 

0 

0 

0 

0 

- 

Uric acid 

n 

0 

0 

0 

0 

0 

0 

0 


Bl 

0 

0 

0 

0 

0 

0 

0 

Caffeine 

2 

+ 

0 

0 

0 

0 

0 

0 


100 

+ 

0 

0 

0 

0 

0 

0 

Nembutal 

2 

0 

0 

0 

0 





100 

+ 

0 

0 

0 




Uracil 

in 

0 

0 

0 

0 

0 

0 

0 


m 

+ 

0 

0 

0 

0 

0 

0 

Allantoin 

2 

0 

0 

0 

0 

0 

0 

0 


100 

0 

0 

— 

— 

0 

- 

- 
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TABLE 1 — Continued 


CO-IPOU\DS TESTED 

COhC 

S PA31AXVPH1 B 

£ coxa 

No 

sulfa 

0 05 
mg/ml 
suliamer 

0 05 
mg/ml 
sulfaguAD 

0 05 
mg/ml 
sulfasux. 

No 

sulfa 

om 

mg/al 

sulfamcr 

Lj-ja 

Hydantoin 

2 

0 

0 

0 

0 

0 

0 

n 


100 

0 

0 

0 

0 

0 

0 

D 

Creatme 

2 1 

0 

0 

0 

0 


0 

0 

1 

100 

+ 

0 

0 

1 

0 

H 

0 

0 

Asparagine 

1 2 

1 

0 

0 

0 

0 


1 0 

+ 


100 

-h 

' + 

+ 

p 

+ 

+ 

+ 

l-Cystine 

2 

+ 

“f* 


+ 

0 

+ 

+ 


100 

+ 

“f* 

+ 

+ 

+ 

+ 

+ 

i-Tryptophane 

2 

‘h 

0 

0 

0 

0 

0 

+ 


100 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


0 — neither stimulation nor inhibition, — =• inhibition of growth or enhanced inhibition, 
-{- = stimulation of growth or reversal of sulfa action, results determined by visible tur 
bidity 


to 100 ml with distilled water, and titrated with n/ 10 NaOH to determine the 
acid produced 

To detenmne the glucose utihzed, 5 ml of culture medium were removed after 
72 hours’ mcubation and diluted to 100 ml m a volumetric flask The glucose, 
m 5 ml of this diluted solution, was determmed by the Shaffer-Hartmann method 
as modified by Stiles, Peterson, and Fred (1926) 

RESULTS 

Only a few of the compounds had any growth-stimulating or growth-inhibiting 
effects on E coh or on the action of the sulfonamides Table 1 shows that 
PABA inhibited growth m a concentration of 100 micrograms per ml and creatine 
inhibited growth m a concentration of 2 micrograms and 100 micrograms per ml 
Asparagme, cystme, and tryptophane were the only substances which stimulated 
growth One hundred micrograms per ml of these ammo acids increased the 
amount of acid produced from glucose and the glucose utihzed by E coh Urea 
m a concentration of 100 micrograms per ml mcreased the inhibition of growth 
by sulfaguamdme, and aUantom mcreased the bactenostatic effect of both sul- 
famerazme and sulfaguamdme Asparagme, cystine, and tryptophane re% erA-d 
the inhibition by sulfamerazme and sulfaguamdme for E coh 

A more detailed study was made wuth Salmonella parahjphi B Two micro- 
grams per ml of mcotmic acid, calcium pantothenate, urea, caffeine, cyatine, and 
tryptophane brought about an increase m turbidity as compared to the control 
The other compounds shown in table 1 were without effect m this concentration 
■RTien 100 micrograms per ml were used, m addition to those compoimdo ja-- 
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TABLE 2 

Effect on acid production and glucose utilization by compounds showing 
growth stimulation for S paratyphi B 



AQD FKODCCnOK 

SUCAS UTILIZEO 

2 ng/mi 

100#rg/ml 

2 (ig/ral 1 

loo /ig/ml 

Nicotinic acid 

21* 

21 


260 8 

Calcium pantothenate 

22 

28 


184 4 

Urea 

18 

20 


126 4 

Caffeine 

21 

21 

137 6 

143 2 

Nembutal 


10 


143 2 

Uracil 


19 


126 4 

Creatine 


18 


172 4 

Asparagine 


41 


190 4 

Cj Stine 

37 

45 


221 6 

Tryptophane 

38 

41 


211 6 

Control 

18 

18 

1 100 8 

100 8 


Values obtained are the average of two simultaneous determinations At least two 
other determinations were made for each value recorded, with similar results 
♦ Figures give ml of w/lO acid per 100 ml medium in 74 hours 
t Figures give mg of glucose utilized per 100 ml medium in 74 hours 


TABLE 3 

Effect of tryptophane, cystine, and asparagine on the sulfonamide inhibition of 
and production and sugar utilization by Salmonella paratyphi B 



ACID FSODDCXION 

1 

STJGAX UmiTATlOV 


Zpg/ml 

lOO^g/ml 


1 100 #ig/ml 

Tryptophane + sulfasuxidine 

21* 

39 

40 8t 


Cystine + sulfasuxidine 

39 

41 

266 4 


Asparagine + sulfasuxidine 

0 

40 



Control sulfasuxidine 

19 

19 

73 2 


Tryptophane + sulfamerazine 

20 

40 

56 0 

271 6 

Cystine + sulfamerazine 

37 

49 

276 4 

256 4 

Asparagine + sulfamerazine 

24 

49 

184 4 

307 2 

Control sulfamerazine 

18 

18 

61 6 

61 6 

Tryptophane + sulfaguanidine 

32 

60 

mtm 

271 6 

Cystine + sulfaguanidine 

41 

47 


288 8 

Asparagine + sulfaguamdine 

0 

45 


292 0 

Control sulfaguamdine 

21 

21 

73 2 

73 2 

Control — no sulfa 

32 

32 

149 2 

149 2 


Time of fermentation = 74 hours 

* Figures give ml of acid produced per 100 ml of medium 
t Figures give mg of glucose utilized per 100 ml of medium 


bsted, nembutal, uracil, creatme, and asparagme stimulated growth Thiamine, 
PABA, and a mixture of thiamme, nboflavm, mcotmic acid, and pyndoxme 
inhibited growth Table 1 also shows the effect of these compounds on the 
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bactenostatic action of sulfamerazme, sulfaguamdme, and sulfasuxidine The 
mixture of the four vitamins listed above enhanced the inhibition of growth 
exerted by all three suKonamides Thiamme and allantoin increased the bac 
tenostatic action of sulfaguamdme and sulfasuxidme Porn-aminobenzoic acid, 
asparagme, cystine, and tryptophane reversed the mhibiting action of all the 
sulfonamides 

Table 2 shows the amount of acid produced and the sugar utilized by S para- 
typhi B m the presence of those compounds which showed stimulation of growth 
as evidenced by turbidity A sigmficant increase m acid production was found 
only for calcium pantothenate, asparagme, cystme, and tryptophane Sugar 
utilization for the most part parallels acid production, except that some com 
pounds which showed little evidence of abdity to stimulate acid production did 
show a greater utilization of sugar than did the control Table 3 shows how acid 
production and sugar utihzation were affected by the sulfonamides and the 
three ammo acids which were most active in stimulating growth In every case 
m which 100 micrograms per ml were used, there was a corresponchng increase m 
both acid production and sugar utilization However, m two cases (2 micro 
grams of asparagine and sulfamerazme and 2 micrograms of tryptophane and 
sulfaguamdme) there had been no evidence of a reversal of the action of the 
sulfonamides, either by turbidity or acid production, but there was an increase in 
glucose utihzation 


DISCUSSION 

There is considerable difference in response to the same compound by two 
closely related orgamsms Para-ammobenzoic acid mhibited growth of both 
E coll and S paratyphi B, as has been observed for coliform and other organisms 
many times before However, several compounds stimulated growth of S para 
typhi B which had no effect on E coh Thiamme inhibited the growth of S 
paratyphi B but had no such action on E coh, whereas creatine inhibited the 
growth of E coll but stimulated the groivth of S paratyphi B Strauss, Dingle, 
and Finland (1941) reported no stimulation of growth of E coh with thiamme, 
pyndoxme, nboflavin, calcium pantothenate, choline, uric acid, and uracil 
We obtamed the same results with E coh, although S paratyphi B responded 
quite differently Strauss et al reported mcreased growth for E coh in glu 
cose broth when mcotmic acid was added We were unable to secure mcrease 
growth with E coh when mcotimc acid was used, which is m agreement with the 

findmgs of Rantz (1942) . 

The stmmlation of growth by the three ammo acids, asparagine, cystine, an 
tryptophane was the same for both organisms Lorr and Burrows (19i-) 
reported that tryptophane reduced the lag period for the typhoid bacillus bu 
did not mfluence the rate of glucose decomposition They said that tryptophane 
was not essential but acted as a growth stimulant Cystme and tryptophane 
were shown by Burrows (1934) to stimulate the growth of Clostridium botuhnum 
Creatme and asparagme were found by Badger (1944) to mcrease the gro.vt i o 
type III pneumococcus We found that there was an mcrease m glucose u i - 
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zation and also an increase in acid production by both of the test organisms m 
the presence of 100 micrograms of each of the three ammo acids, asparagme, 
cystme, and tryptophane The remainder of the compounds stimulatmg the 
growth of S paratyphi B showed no significant increase m acid production, but 
there was an increase in the glucose utilized The orgamsms may have been 
stimulated to greater growdh by usmg glucose m such a way that acid was not 
produced 

Allantom, thiamme, and urea m the concentration of 100 micrograms per ml 
mcreased the bacteriostatic action of some of the sulfonamides agamst one or 
both of the test organisms Sulfathiazole, sulfadiazine, and sulfanilamide have 
been reported to be more effective m the presence of urea (Tsuchiya et al , 1942, 
McClmtock and Goodale, 1943, Lee el al , 1943) Smce aOantom mcreased the 
bacteriostatic action with two of the suKonamides tested agamst both organisms, 
it might be worth further mvestigation to determme, m animals, any curative 
or protective effects 

Asparagme, tryptophane, and cystme reversed the action of all the sulfon- 
amides for both orgamsms This suggests that the sulfonamides are mterfermg 
■with the synthesis of these ammo acids Smce the growrth of the orgamsms is 
stimulated by small amounts of these acids, they must be unable to snythesize 
them fast enough for optimal growth The acid production and sugar utihzation 
m the presence of these ammo acids and sulfonamides correspond to the results 
obtamed by observmg the turbidity 

SUMMARY 

The effect of 19 compounds on the growth of Escherichia coli and Salmonella 
paratyphi B was determmed 

The effect of these compounds on the inhibition of gro-wth of S paratyphi B 
by sulfamerazme, sulfaguamdme, and sulfasuxidme, and of E coli by sulfa- 
merazme and sulfaguamdme was determmed Allantom, thi amin e, and urea 
enhanced the bactenostatic action m some cases 

The acid produced and the glucose utihzed were determmed m the absence and 
m the presence of those compounds that stimulated the growth of either organ- 
ism Glucose utihzation was mcreased m all cases A significant mcrease m 
acid production was seen only wmth asparagme, cystme, and tryptophane 

Asparagme, cystme, and tryptophane mcreased acid production and glucose 
utihzation by S paratyphi B m the presence of sulfamerazme, sulfaguamdme, 
and sulfasuxidme This corresponded with the reversal of the bacteriostatic 
action of the sulfonamides 
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A NEW SALMONELLA TYPE SALMONELLA MEMPHIS^ 

ALICE B MORAN, P R EDWARDS, and D W BRUNER 

Department of A7wnal Pathology, Kcnluchj Agricultural Experiment Station, 
Lexington, Kentucky) 

Received for publication November 14, 1947 

In May, 1947, a culture isolated from the stools of a patient "With acute diarrhea 
was received fiom Mr L S Suter of Kennedy Veterans Administration Hospital, 
Memphis, Tennessee The culture was isolated and identified by Miss EAthleen 
Mason as an unusual Salmonella type The source of the infection was not 
established 

The organism possessed the usual cultural and biochemical attributes of the 
Salmonella group Acid and gas ivere produced from glucose, xylose, rhamnose, 
arabinose, trehalose, maltose, dulcitol, mannitol, and sorbitol Lactose, sucrose, 
raffinose, inositol, and sahem were not attacked Indole was not produced 
The bacterium formed hydrogen sulfide and slowly hquefied gelatin Citrate, 
mucate, and d-tartrate were utihzed, but Z-tartrate and z-tartrate were not 
fermented 

On serological exammation the orgamsm was agglutmated to the titer of 
Salmonella cerro 0 serum (XVIII) and m absorption tests removed all agglu- 
tmms from the serum The 0 antigens of Salmonella memphis are XVIII 

The H antigens of the culture were diphasic Phase 1 was agglutinated to the 
titer of Salmonella ihompson, phase 1 (k) serum, and was able to remove all 
agglutinins from the serum Phase 2 was agglutinated by serums for all the 
nonspecific phases of the genus When tested with single factor serums for anti- 
gens 2, 3, 5, 6, and 7, it was agglutinated only by 5 serum In absorption tests 
)S memphis was not able to remove completely the agglutinins from serum for 
phase 2 of S ihompson (1,5) but left a slight residue that amounted to 1 per cent 
of the ongmal titer The antigemo formula of S memphts is XVIII k-1,5 

SXTlQtART 

Salmonella memphis (XVIII k-1,5) was recovered from the stool of a patient 
affected with diarrhea The organism hquefied gelatin slowly 

1 The investigation reported in tbis paper is in connection witb a project of the Kentucky 
Agricultural Experiment Station and is published by permission of the Director It was 
supported in part by a research grant from the U S Public Health Service 
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NOTES 


MODIFICATION OF AN AGAR DIFFUSION METHOD OF ASSW 

FOR POLYMYXIN 

R G BENEDICT and F H STODOLA 
Fermentahon Division, Norlhem Regional Research LaboratoTy\ Peoria, Illinois 

Received for publication December 3, 1947 

Polymyxin is an antibiotic elaborated m the fermentation of vanous medn 
by certam strains of Bacillus polymyxa (Stansly et al Bull Johns Hopkiib 
Hosp , 81, 43, Benedict and Langlykke J Bact , 64, 24) An agar diffinioQ 
method of assay was developed for the antibiotic (Stansly and Schlosser J Bact , 
64, 585) From a group of gram-negative organisms tested, Escherichia coh 
(MacLeod stram) was found to be the most satisfactory assay orgamsm How 
ever, its use presented certam difficulties smce it grows very rapidly, and the anti 
biotic, which IS mcorporated m paper disks, diffuses slowly through agar Tfnn 
it became necessary to mcubate the assay plates at 25 C for 18 hours followed b\ 
mcubation at 37 C for 6 hours to sharpen the edges of the zones of inhibition 

Usmg essentially the same assay techmques as those of Stansly and Schlotccr, 
we have found that Brucella hronchiseptica, NRRL B-140, shows the same order 
of sensitivity to polymyxm as Escherichia coh (MacLeod strain) With Brucdla 
bronchisepiica, the inhibition zones have very well-defined edges and are obtained 
by direct mcubation of the assay plates at 37 C for 14 to 16 hours Fermentation 
hquors also give sharply defined zones For floodmg plates the organism b 
grown m “tiypticase soy” broth for 24 hours at 37 C, then 1 0 ml of undiluted 
broth IS added to each 100 ml of floodmg agar, nmed, and 4 0 ml of the mixture 
dispensed on each assay plate with an automatic agar dispenser The plates, 
with covers shghtly ajar, are then dned at 37 C in an mcubator for 30 minute^ 
They are then removed and held at 20 C until the polymyxm-saturated dbks 
are placed on them Techmques for dilution of fermentation hquors and solid 
preparations are the same as those employed by Stansly and Schlosser except 
that the former are fiist diluted xvith equal quantities of 0 1 ii glycine buffer m 
stenle 25-by-200-mm test tubes and further dilutions are made with 0 05 u 
buffer Assay HisVs may then be saturated directly m these tubes and exceu 
pol3anyxm removed by touchmg the disk twice to a dry surface m the upper part 
of the tube The very slow rate of growth of Brucella bronchisepiica dunng the 
short 20 C holdmg penod does not require that standard disks be placed on each 
assay plate All unknown values are calculated from a daily standard curxe 
This curve is obtamed by averagmg the zones of inhibition on triplicate plates 
of 256, 128, 64, 32, and 16 polymyxin umts per ml, as defined by Stan-Iy and 
Schlosser (loc cit ) and plottmg them agamst the log concentration of poIym>'xm 

1 One of the laboratories of the Bureau of Agricultural and Industrial Chemistry , 
cultural Research -idministration, U S Department of Agriculture 





INTERNATIONAL BACTERIOLOGICAL CODE 
OF NOMENCLATURE 

Edited by R E BUCHANAN.^ RALPH ST JOHN BROOKS, = and ROBERT S BREED* 
Received for publication December 31, 1947 

The following Bacteriological Code of Nomenclature was developed by the 
Judicial Commission, approved and recommended by the Nomenclature Com- 
mittee and adopted unanimously at the concluding Plenary Session of the In- 
ternational Association of Microbiologists at the fourth International Congress 
held in Copenhagen, Denmark, in July, 1947 

Chapter 1 

GENERAL CONSIDERATIONS 

1 The progress of bacteriology can be furthered by a precise system of nomen- 
clature which IS properly integrated with the systems used by botanists and 
zoologists and accepted bj'' the majority of bacteriologists m all countries Bac- 
teriological nomenclature considers bacteria, related orgamsms, and the viruses 
Botamcal and zoological codes provide for nomenclature of certain groups such 
as the yeasts and fungi, protozoa and algae These are of such significance m 
the microbiological laboratory that provision is necessary m the bacteiiological 
code for the consideration of special nomenclatural problems m these groups and 
for co-ordmation of findmgs with zoologists and botanists 

2 The piecepts on which this system of bacteriological nomenclature is based 
are divided into principles, rules, and recommendations 

The principles (Chaptei 2) form the basis of the rules and recommendations 
The rules (Chapter 3) are designed (1) to make effective the prmciples given 
m Chapter 2, (2) to put the nomenclatme of the past mto order, and (3) to 
provide for that of the future They are always retroactive, names or forms 
of nomenclature contrary to a rule {illegitimate names or forms) cannot be 
mamtamed 

The ? ecommendations deal with subsidiary pomts, their object bemg to brmg 
about greater uniformity and clearness, especially m future nomencla- 
ture, names or forms contrary to a recommendation cannot on that account 
be rejected, but they are not examples to be followed 

3 Provisions foi emendation of rules, for special exceptions to rules, and for 
their mterpretation m doubtful cases have been made through the establishment 
of a Nomenclature Committee for the International Association of Microbi- 
ologists and its Judicial Commission (Chapter 4) 

* Chairman, Judicial Commission 

* Permanent Secretaries of the Nomenclature Committee for the International Associa- 
tion of Microbiologists 
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Chapter 2 


GENERAL PRINCIPLES 


Principle 1 The essential points in nomenclature aie (1) to aun at fixiti ot 
names, (2) to avoid or to reject the use of forms and names ivhich maj ciiiic 
error or ambigmty or throw science into confusion 
Next m unportance is the avoidance of all useless creation of names 
Other considerations, such as absolute grammatical correctness, regulanti or 
euphony of names, more or less prevailmg custom, regard for persons, etc , not- 
withstandmg their undemable importance, are relatively accessory 
(See Rules 23, 24, 25, 26, 27, Recommendations 27a-i ) 

Principle 2 In the absence of a relevant rule, or where the consequences ol 
rules are doubtful, established custom must be followed In doubtful cases a 
r4sum4 in which all pertinent facts are outlined should be submitted to the 
Judicial Commission for an Opinion 
(See Recommendation 9c, Provision 4 ) 

Principle 3 Bacteriological nomenclature and botanical nomenclature ate 
interdependent m the sense that the name of a bacterial group is to be rejected 
if it IS a later homonym of the name of any plant group Liken ise nomenclature 
of bacteria and protozoa are mterdependent, the name of a bacterial group is to 
be rejected if it is a later homonym of the name of a protozoan group Bat 
teriological nomenclature is independent of zoological nomenclature (protozo 
ology excepted) , the name of a bacterial group is not to be rejected simply because 
it IS identical with the name of a group m the animal kingdom 
(See Rule 24 (4) ) 

Principle 4 Scientific names of all groups are usually taken from Latin or 
Greek When taken from any language other than Latin, or formed m an 
arbitrary manner, they are treated as if they were Latin Latin terminations 
should be used so far as possible for new names 

(See Rules 1-8, 27, 28, Recommendations 5a, 6a, 6b, 6c, 8a, 27a-i ) 

Principle 5 Nomenclature deals with 

(1) The terms which denote the rank of taxonomic groups (such as specie^, 


genus, family, order) 

(2) The names which are apphed to the individual groups (such as Bacdw 
siibtilis, Streptococcus, Spmllaceae, Spirochaetales) 

(See Principle 7, Rules 1-8, Recommendations 6a-c, Sa, 24a ) 

Principle 6 The rules and recommendations of bacteriological nomenclature 
apply to all bacteria, recent and fossil, mth certain distinctly specified cwtp 
tions 

(See General Considerations 1 , Principle 9, Provisions 2-1 ) 


Principle! The terms n hich denote the rank of tai onomic groups rt 




fined as follows ,, 

(a) E\ ery mdii idual belongs to a species, e\ er> species to a genus, ci t-O gea 
to a family, e\er> famdj to an order, eier> order to a cla^:., c\en. tj 
dll ision In some families the rank tribe maj be distinguished 
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(See Pnnciple 5, Rules 1-8, Recommendaiions 5a, 6a-c ) 

(b) In many species, subspecies or varieties are distmg;uisbed,m some cases 
subdivisions of a species such as strains, groups, serotypes, vanants, phases, and 
others may be recogmzed In some genpra, subgenera may be distmguished 

(See Rules 6, 7, Recommendations 6a-c, 8a ) 

(c) If a greater number of mtermediate categories (ranks) are required, the 
terms for these subdivisions are made by addmg the prefix “sub-” to the terms 
denotmg the ranks Thus subfamily denotes a rank between a family and a 
tnbe, subtribe a rank between a tribe and a genus, etc The classification of 
subordmate categories (ranks) may thus be earned for the bacteria m the follow- 


Division (Divisio) 

9 

Tnbe (Tribus) 

Subdivision (Subdivisio) 

10 

Subtnbe (Subiribus) 

Class (Plassis) 

11 

Genus (Genus) 

Subclass {Subclassis) 

12 

Subgenus (Subgenus) 

Order (Qrdo) 

13 

Species (Species) 

Suborder (Subordo) 

14 

Subspecies (Subspecies) 

Family (Familia) 

15 

Vanety {Vanetas) 

Subfamily (Subfamilia) 

16 

Individual (Indimduum) 


mg order 

1 

2 

3 

4 

5 

6 

7 

8 

(d) The defimtion of each of these categones (ranks) vanes, up to a certam 
pomt, accordmg to mdividual opimon and the state of the science, but their 
relative order, sanctioned by custom, must not be altered No classification is 
admissible which contains such alteration 

Principle 8 The pnmary purpose of givmg a name to a taxonomic group is 
not to mdicate the characters or the history of the group, but to supply a means 
of referring to it 

(See Rule 23 ) 

Pnnciple 9 Each group with a given circumscnption, position, and rank can 
bear only one vahd name, the earhest that is in accordance with the Rules of 
Nomenclature Provisions may be made for certam exceptions 


Note In subgenera, genera, and groups of higher rank, the valid name is the earhest 
name published, provided that this is in conformity with the Rules of Nomenclature 
In species the vahd name is the binary and in subspecies the ternary combination con- 
taimng the earliest epithet published, provided that this combination is m conformity to 
the Rules of Nomenclature 

(See Principle 6, Rules 24-26, Provisions 2, 3,4 ) 

Pnnciple 10 Bacteriologists are urged not to change a name (or combination 
of names) without senous motives, based either on more profound knowledge of 
facts or on the necessity of givmg up a nomenclature that is contrary to the Rules 
Pnnaple 11 The apphcation of names of taxonomic groups is dete rmin ed by 
means of nomenclatural types A nomenclatural type is that constituent element 
of a group to which the name of the group is permanently attached, whether as an 
accepted name or as a synonym The name of a group must be changed if the 
type bearmg that name is excluded 

The type of a generic name is a species, that of the name of a species or sub- 



290 


rNTERNATION-Uj BACTERIOLOGICAL CODE OP JfOMEA CL.\.TURE [\0L 00 

species (vanety) is usuaUy an authentic culture, a specimen, or a preparation 
In some species, however, the t3T3e is a description or a figure given bj a pre\ loib 
author Where permanent preservation of a culture, a specimen, or preparation 
is impossible, the apphcation of the name of a species or subdivision of a specie^ 
IS determmed by means of the original descnption or figure 

Note Tile nomenclatural type is not necessarily the most typical or reprcacntatnc ch 
ment of a group, it is merely that element with which the name of the group is pennanLath 
associated 

(Examples The type of the name Bacillus is the species Bacillus subltlis The t\pe oi 
Pseudomonas suaveolens Soppeland is the culture designated and deposited by the author as 
the t 3 rpe culture in the American Type Culture Collection The type of Actinomyces carrdi 
(Mason) Ford consists of the description and illustration (Jour Trop Med Ther , 191i), 
32, 34) as no cultures are available ) 

(See Rule 9 , Recommendations 9a-d ) 

Principle 12 A name of a taxonomic group has no status under the Rules, and 
no claim to recogmtion by bactenologists, unless it is vahdJy published 

(See Rules 10-14, Recommendations 12a-c ) 

Chapter 3 

RULES OP NOMENCLATURE WITH RECOMMENDATIONS 

Section 1. Naming of Groups of Vanous Ranks 

Rule 1 Names of divisions, subdivisions, classes, subclasses, orders, sub 
orders, famihes, subfamilies, tribes, and subtnbes are taken either from their 
chief characters or from a taxonomic umt of the next lower rank 

Rule 2 The names of all ranks higher than the genus are wntten m the 
plural number 

Rule 3 Names of divisions, subdivisions, classes, and subclasses are " orJa ol 
Greek or Latm ongm 

(See Principles 4, 5, 7, Rules 24, 25 ) 

Rule 4 Names of orders, suborders, families, subfamilies, tribes, and su 
tnbes are also words of Greek or Latin ongin or Latinized ^\ord3, each a 
suffix to mdicate its taxonomic rank The suffix for orders is -ales, for subon era 
-ineae, for famihes -aceae, for subfamihes -ouleae, for tribes -eae, and lor aubtri 
-inae 

(See Principles 4, 5, 7, Rules 22, 24, 25 ) 

Rule 5 Names of genera and of subgenera are substantnes (or adjtctUY 
used as substantives) m the singular number and written with an initial capit 
These names may be taken from any source w hatei er and maj c\ cn be coinpo- 
m an arbitrary' manner Thej are treated as Latin substanti.C:) wi 
names and subgenenc names are subject to the same rules and recomin. ndat 
and, from a nomenclatural standpomt, they are co-ordmatc 

Examples Bacillus, Pasieuria, Brucella, Alcaltgenes, Fuoijurmu 

(See Princtpl€3 4, 5, / ) 
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If a genus is divided into subgenera, one of the subgenera (that which includes 
the type of the genus) should bear the same name as the genus 

Example If the genus Bacillus is divided into two or more subgenera, the subgenus 
which includes the tjpe species Bacillus subtilis should bear the subgenenc name Bacillus 

(See Rules 9, 19, 20, 27, 2S, Recommendations 9a-c, 19a, 17i ) 

Reeommendalion oa Bacteriologists who are forming new generic or subgenenc names 
should attend to the following recommendations 

(1) Not to make names very long or difficult to pronounce 

(2) To take names that have an agreeable form readily adaptable to the Latin tongue 

(3) Not to dedicate genera to persons quite unconnected with bacteriology or at least 
with natural science nor to persona quite unknown 

(4) To avoid adjectixea used as nouns 

(5) Not to make names by combimng words from different languages (jiomina hyhrida) 

(6) To give a feminine form to all personal generic names, whether they commemorate a 
man or a woman 

(See Principles 4, 7, Rule 27, Recommendations 27a-i for orthography and gender 
of generic names ) 

Rule 6 Names of species are binary combmations consistmg of the name of the 
genus followed by a smgle specific epithet ® If an epithet consists of two or 
more words, these must either be umted or jomed by hyphens Specific epithets 
are 

(a) Adjectives, which must agree grammatically with the genenc name Ex- 
amples Baallus sublilis, Micrococcus aureus, Clostridium hotulinum 

(b) Substantives, m the nominative, m apposition with the genenc name 
Examples Flavobactenum ceramicola, Vibrio comma, Pseudomonas conjac, 
Phytomonas holcicola 

(c) Substantives m the genitive Examples Phytomonas vascularum, Aerobac- 
ter cloacae, Rhizobium legummosarum. Brucella abortus, Acetobacter aceti. 
Salmonella anatis, Borrelia lochii 

Withm the same genus, no two species names bear the same specific epithet 

(See Principles 4, 5, 7, Rule 27, and Recommendations 27a-i for orthography 
and gender of specific names ) 

Recommendation 6a When it is desired to indicate the name of a subgenus in connection 
with the genenc name and specific epithet, the name of the subgenus may be placed in 
parentheses between the two 

’ The term “epithet” as here used implies a single descriptive word or a smgle descriptive 
phrase 

Examples The Latin word aureus (golden) is a smgle descriptive adjective or epithet, 
and the species name Micrococcus aureus would be in correct form The phrase lac acidum 
(sour milk) is a smgle epithet, and the species name Streptococcus lactis-acidi (or lactisacidi) 
{Streptococcus of sour milk) is m correct form Care should be used not to regard a se- 
quence of unrelated words as a smgle epithet The species name Bacillus aureus lactis (the 
golden bacillus of milk) would be an mvalid trmomial , there are two specific epithets The 
name cannot be validated by hyphenatmg the two words as Bacillus aureus-lactis , there are 
still two unrelated epithets If the two words are combined as m the specific name Bacillus 
aurei laclis, the meamng is completely changed to Bacillus of golden milk, the species name 
IS m correct form, but the meamng is nonsensical unless applied to an organism which 
changes the color of milk to golden 
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E'cample Lactobacillus (Thermobacterium) caucasicus 

(See Principles 4, 5, 7 ) 

Recommendation 6b In forming specific epithets bacteriologists should attend to thi. 
following recommendations 

(1) To choose a specific epithet which, in general, gives some indication of the appear 
ance, the characters, the ongin, the history, or the properties of tho species If 
taken from the name of a person, it usually recalls the name of the one v, ho discov ca J 
or described it, or was in some way concerned with it 

Examples Micrococcus aureus, Clostridium pasteurianum, Phytomonas campulrii, 
Bacillus iiscosus, Kurthia zopfii 

(2) To avoid those which are very long and difficult to pronounce 

(3) To avoid those which express a character common to all or nearly all the species of a 
genus 

Example Micrococcus sphencus 

(4) To avoid using the names of little known or very restricted localities, unless th 
species is quite local 

(5) To avoid, in the same genus, epithets which are very much alike, cspeciall> tho v 
which differ only in their last letters ' 

(6) Not to adopt unpublished names found in authors’ notes, attributing them to their 
authors, unless these have approved publication 

(See Principles 4, 5, 7 ) 

Recommendation 6o Names of men and women and also of countries and localities u-eJ 
as specific epithets may be substantives in the genitive (welchii) or adjectives (pailenr 
lanum, japonicum) It will be well, in the future, to avoid the use of the genitive and the 
adjectival form of the same epithet to designate two different species of the same t,viiuj 

(See Principles 4, 5, 7 ) 

Rule 7 Names of subspecies (vaneties) are teraaiy combinations consbtm,; 
of the name of the genus followed by the specific and subspecific epithets m order 

Example Escherichia coli subsp communior (Topley and Wilson) Breed ctal or Lichtrt 
chia coll var communior, or Escherichia coli communtor This docs not justifj the nan-i- 
Bacillus fluorescens liquefaciens, as this name was originally proposed as a trinomial naui- 
for a species, and not for a subspecies or a variety 

Epithets of subspecies (varieties) are formed like those of species, when ad 
jectival m form and not used as substantives they agree in gender with the generic 
name 

Neither withm the same species nor withm the same genus may two sub: 3 pecies 

bear the same subspecific epithet . 

If the species is divided mto subspecies, the subspecific epithet of the su 
species containmg the type of the species shall be the same as that of the spec <- 

Example If Micrococcus aureus is divided into two or more subspecies, one (that v.-- 
taimng the type) should be designated Micrococcus aureus subap aureus 

{See Pnncivles 4, 5, 7 ) 

Rule 8 Subdivisions of species (other than subspecies (vaneties)) arc „ 
vernacular names or designated by numerals or letters or, m special c— c-. 
giv en names m Latm form 

(See Principles 4, 5, 7 ) 



194S] INTERNATIONAL BACTERIOLOGICAL CODE OP NOMENCLATURE 


293 


Recommendation 8a Authors of names of subdivisions of species of bacteria which are 
not treated as subspecies (varieties) should attend to the following recommendations and 
definitions 

(1) A strain is a pure culture of bacteria made up of the descendants of a single isolation 
It IS frequently designated by the name of the individual responsible for its isolation, 
as Coryncbacterium diphthcriae strain Park-Williams It may also be designated by 
the locality or by a number or some similar laboratory distinguishing mark Strain 
may also be used to designate cultures of bacteria which correspond to cultivated 
“varieties” of higher plants in having some special economic sigmficance Such are 
frequently names from the laboratory or factory where isolated, as Acetobacter aceti 
strain Carlsberg 

(2) Type is a term which has frequently been used to designate a subdivision of a species, 
particularly m cases where the differentiating characters are regarded as insufficient 
to justify the erection of a subspecies or variety Types are often differentiated on 
the basis of antigenic characteristics Type is sometimes used to designate a physio- 
logical or morphological variant In view of the use of the word “type” m a dif- 
ferent sense as defined in Principle 11, it is suggested that the terms serotype (or 
serological type), biotype (or physiological type) and morphotype (or morphological 
type) may appropriately be substituted for type as a designation of a subdivision of a 
species 

(3) The term group in bacteriology should be used with great care so as to avoid 
ambiguity It is employed popularly to designate various organisms with common 
characteristics (i e , “Coli-aerogenes Group”) and, in a restricted sense, in antigemo 
analysis for designating species or subgenera (e g , Streptococcus Group A Lance- 
field), or varieties or subspecies (eg, Neisseria intracellularis Group I Scott) 
It IS suggested that the term group be reserved for primary serological divisions and 
designated by capital letters Any serological subdivisions within the group should 
be designated as types and distinguished by Arabic numerals (e g , Bacterium pseu 
dotuberculosM-rodentium Group A, Type 1 Schutze) ■* 

(4) The designation phase should be restricted to use for bacteria showing certain al- 
ternative immunologic characteristics, and particularly for the “specific phase” or 
“nonspecific phase” of Andrewes as recorded for the genus Salmonella 

E'^ample Salmonella entenlidis specific phase 

(5) A form (forma) or special form (forma specialis) is a subdivision of a species of a 
parasitic microorganism distmguished primarily by adaptation to a particular 
host It IS named preferably by giving it the scientific name of the host This is 
written preferably in the gemtive 

Example Rhizobium phaseoh forma phaseoh multiflori or Rhizobium phaseoh f 
sp phaseoh multiflori 


< It may be urged that if specific names are substituted for Group letters at present em- 
ployed (as strictly speaking they should be) the whole serological concept of the genus is 
obscured, and it would be difficult to get aerologists, working in many of the various fields, 
to assent to an action that they might consider retrograde But this procedure has been 
accepted by the Salmonella Subcommittee in the case of the genus Salmonella However, 
all workers in this field are familiar with the Kauffmann-White schema which clearly shows 
the antigemc relations within the genus concept A somewhat sundar procedure might be 
employed, for example, in the case of the streptococci, i e , an approved schema drawn up 
showing the antigemc relationships within the various groups which should be given spe- 
cific rank with names consistent, so far as possible, with the laws of priority It is suggested 
that the Salmonella Subcommittee in this regard has made a sincere effort to reconcile the 
traditions of the past with the present practical necessity of stressing serological relation- 
ships, where they exist 
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(6) A vanant is an organism showing some variation in some character from the parent 

+ Frequently variants result by mutation If sufficiently distinct and 

^able, the vanant may even be regarded and named as a subspecies or variet) 
Example of variant the progeny of a color sector in a pigmented colony, or the 
progeny of secondary colomes arising as lactose-fermenting mutants in colonies of 
glucose-fermenting bacteria 
Example Shigella sonnei lactose-positive variant 

(7) A stage or state is the name given to the Rough, Smooth, Mucoid, and similar 
variants which arise from colomes of many species of bacteria These are regarded 
as alternating stages which are generally reversible and indeed by some authors as 
part of a pleomorphic life cycle They may be designated by some vernacular de 
scriptive name 

Example Bacillus sublilis Rough stage 

(See Principles 4, 5, 7b ) ^ 

Section 2 Designation of Nomenclatural Types 

Rule 9 For each valid name of each taxonomic group there should be desig- 
nated a type, that is foi each species or subspecies a t 3 T)e culture, specunen, or 
description, for each genus a type species (genotype) 

(See Principle 11, Rule 5 ) 


Recommendation 9a. When publishing names of new taxonomic groups, authors should 
indicate carefully the subdivision which is the type of the new name The type species 
(genotype) in a genus, the type subspecies or variety in a species in which these subdivisions 
are recogmzed, the type specimen, preparation, or description in a species This type 
determines the application of the name in the event of the taxonomic group being subsc 
quently divided When describmg new species, varieties, or forms of parasitic bacteria, 
the host of the type should be indicated 
(See Principle 11, Rule 5 ) 

Recommendation 9b When revising a genus for which no genotype has been designated, 
an author should state which species he accepts as the nomenclatural type 
(See Principle 11 , Rule 5 ) 

Recommendation 9c In selecting a nomenclatural type (genotype) for a genus of bac 
tena, bacteriologists should, when possible, choose a species that will fix the generic name 
as it IS now commonly applied 
(See Principles 2, 11, Rule 5 ) 

Recommendation 9d The utmost importance should be given to the preservation of the 
original (“tyqie”) matenal on w hich the description of the new group is based The origma 
account should state where this material is to be found UTien a new species or subspecies 
of bacterium is described, if the orgamsm is one which may be maintained m pure culture, 
an authentic culture labeled as “type” should be deposited with one of the recognize 
national or mternational type culture collections The national or international type 
culture depositories recogmzed are designated by the action of the International Com 
mittee on A^omenclature These recogmzed in 1939 are the National Collection of yjw 
Cultures of Microorganisms maintained at the Lister Institute, London, England, and c 
American Type Culture Collection, Washington, D C Inasmuch as the typo of a bacteria 
species IS frequently the pubbshed description and drawings, these should be as comp c c 

.Vote It should be borne in mind that morphological, biochemical and antigenic changes, 
and also loss of virulence, may take place as the result of repeated subculture in the co cc 

tion This can to some extent be obviated by drying cultures in high vacuum under op i 

conditions and stonng them for future reference 
(See Principle 11 ) 
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Section 3. Publication of Names 

Rule 10 Legitimate bacteriological nomenclature begins with Linnaeus’ 
Species Plantarum, ed 1, 1753 “ 

(See Principle 12 ) 

Rule 11 Publication is effected, under these Rules, by sale or distribution of 
prmted matter to the general public or to bacteriological institutions No 
other kmd of pubhcation is accepted as effective (effective publication), com- 
mumcation of new names at a pubhc meeting, or the placmg of names m collec- 
tions, does not constitute effective pubhcation 

Where reprints or separates from periodicals or other works are placed on sale 
or issued in advance, the date on the separate is accepted as the date of effective 
pubhcation 

The date of acceptance of an article for pubhcation as given m a pubhcation 
does not mdicate the effective date of pubhcation and has no significance m 
detennmation of prioritj’’ of pubhcation of names 

(See Principle 12, Rule 12 ) 

Rule 12 A name of a taxonomic group is not validly published unless it is 
both (1) effectively published (See Rule 11), and (2) accompamed by a descnp- 
tion of the group or by a reference to a previously and effectively published de- 
scription of it 

The words “vahd” or “vahdly published” as used m these Rules mean “with 
standmg m nomenclature,” and the words “invahd” or “not validly published” 
mean “without standmg m nomenclature ” 

Mention of a name on a label on a culture or preparation of bacteria m a collec- 
tion without prmted or autographed description does not constitute vahd pubh- 
cation of that name 

A name of a taxonomic group is vahdly pubhshed only if it has been defimtely 
accepted by the author who published it A name proposed provisionally 
(nomen proinsonum) m anticipation of the eventual acceptation of the group, or 
of the crrcumscription, position, or rank given to a group, or mentioned only 
incidentally is not vahdlj’- pubhshed 

Example Beijermck (Arch neerl d sc exactes, 1903, Sec 2, 8, 217) mentioned in a foot- 
note to his article describing and naming the genus Azotobacter that ParachromaHum might 
be a suitable name It was never formally proposed or adopted, and has no standing in 
nomenclature 

A name of a taxonomic group is not vahdly pubhshed when it is merely cited 
as a synonym 

Example Trevisan (Rendiconti Real 1st Lombard d Set e Lett , Ser 2, 1879, 12, 144) 
cited Malleomyces equestris Halher as a sjnonym of Micrococcus equestris, which he regarded 
as the causal organism of glanders Inasmuch as all of Hallier’s species were based upon 
mixed cultures and his names invalid, this incidental citation as synonym by Trevisan does 
not validate the name Malleomyces must date as a generic name from its proposal by 
Pribram in 1933 (Klassification des Schizomyceten, p 93) 


‘ Fixed by action of the First International Congress of Microbiology in Plenary Session, 
Paris, 1930 (Proceedings, Part 2, p 527) 
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A gioup IS not characteiized, and the pubhcation of its name is not validated 
merely by mention of the subordmate groups mcluded m it thus, the publication 
of the name of an order is not vahdated by mention of the mcluded famihes, that 
of a f amil y is not vahdated by mention of the mcluded genera, that of a genus is 
not vahdated by mention of the mcluded species 
The date of a name or of an epithet is that of its vahd pubhcation For pur- 
poses of pnonty, however, only legitimate names and epithets published m legiti- 
mate combmations are taken mto consideration In the absence of proof to the 
contrary, the date given in the woik contammg the name or epithet must be 
regarded as correct 

(See Principle 12, Rule 27, Note 1 ) 

E\ample Chondromyces crocaius Berkeley and Curtis 1857 (in Berkeley, Introduction to 
Cryptogamic Botany., p 313) is a name appended to an illustration without description 
The description was published later (Berkeley, Grevtllea, 1874, 3, 64) and valid publication 
was of the later date 

Recommendation 12a 'When publishing names of new groups of bacteria in works written 
in a language unfamiliar to the majority of workers in bacteriology, it is recommended that 
the authors publish simultaneously the diagnoses in a more familiar language 
(See Principle 12 ) 

Recommendation 12b Authors should indicate precisely the date of their works In the 
case of a work appearing in parts, the last published sheet of the volume should indicate the 
precise dates on which the different fascicles or parts of the volume were published as well 
as the number of pages in each 
(See Principle 12 ) 

Recommendation 12c When works are published in periodicals, the author should re 
quire the publisher to indicate on the separates or reprints the date (year and month, if 
possible the day) of publication and also the title of the periodical from which the work is 
extracted Separates or reprints should always bear pagination of the periodical of which 
they form a part, if desired, they may also bear a special pagination 
(See Principle 12 ) 

Rule 13 A name of a genus is not validly pubbshed unless it is accompanied 
(1) by a description of the genus, or (2) by the citation of a previously and ef 
fectively pubbshed descnption of the genus under another name, or (3) by a 
reference to a previously and effectively published descnption of the genus as a 
subgenus, or other subdivision of a genus 

The name of a monotypic new genus based on a new species is vahdated by the 
provision of a combmed genenc and specific descnption 
(See Principle 12 ) 

Examples of validly published generic names Bacillus Cohn 1872, Pasleurella Trcvisan 
1885, Sarctna Goodsir 1842, Polyangtum Link 1809 , 

Rule 14 The name of a species or a subspecies (variety) is not validly pub- 
ished unless it is accompanied (1) by a descnption of the group, or (2) by c 
citation of a previously and effectively published description of the group under 

another name 

(See Principle 12 ) 

Example of validly published name of species 


Bacillus suUilis Cohn 1872 
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Section 4 Citation of Authors and Names 

Rule 15 ^ For the indication of the name (umtary, binary, or ternary) of a 
group to be accurate and complete, and m order that the date may be readily 
verified, it is necessary to cite the author who first pubhshed the name m ques- 
tion 

Examples Plocatriobaderiales Pribram (or Pribram 1933), Proteus Hauser (or Hauser 
1885) , Serraiia marcesccns Bizio (or Bizio 1823) 

An alteration of the diagnostic characters or of the circumscnption of a group 
without exclusion of the type does not warrant the citation of an author other 
than the one who first published the name When the changes have been con- 
siderable, an mdication of their nature and of the author responsible for the 
change is added, as, em (emendamt) or muialis charact , or pro porfe, or excl gen , 
excl sp , excl var , or some other abndged mdication 

Example Bacillus Cohn em Migula 

When a name of a taxononnc group has been proposed but not pubhshed by 
one author, and is subsequently vahdly pubhshed and ascribed to him (or her) by 
anothei author who supphed the descnption, the name of the latter author must 
be appended to the citation with the connectmg word ex If it is desirable or 
necessary to abbreviate such a citation, the name of the publishing author, bemg 
the more important, must be retamed 

Example Salmonella dar-es-salaam SchUtze ex Brown, Duncan and Henry 

When a name and description by one author are pubhshed by another author, 
the word apud is used to connect the names of the two authors, except where the 
name of the second author forms part of the title of a book or periodical, in 
which case the connectmg word in is used instead 

Rule 16 When a genus, a subgenus, a species, or a subspecies (vanety) 
IS altered m rank but retains its name or epithet, the origmal author must be 
cited m parentheses, followed by the name of the author who effected the altera- 
tion The same holds when a subgenus, a species, or a subspecies (variety) 
IS transferred to another genus or species with or without alteration of rank 

Example Spirochaete pallida Schaudiim and Hoffman becomes Treponema pallidum 
(Schaudmn and Hoffman) Schaudinn 

Recommendation 16a When citing a name published as a synonym, the words “as syn- 
onym” or “pro synon ” should be added to the eitation 

When an author publishes as a synonym a manuscript name of another author, the word 
ex should be used to connect the names of the two authors 

Recommendation 16b When citing in synonymy a name invalidated by an earlier hom- 
onym, the citation should be followed by the name of the author of the earlier homonym 
preceded by the word “non,” preferably with the date of publication added In some in- 
stances it will be advisable to cite also any later homonym or homonyms 

Example Myxococcus Gonnerman 1907 non Thaxter 1892 
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Section 5 Changes in Names as a Result of Segregation or Umon of Groups or 

Change m Rank of Groups 

^ Rule 17 An alteration of the diagnostic characters, or of the circumscnp- 
tion of a group, does not warrant a change in its name except msofar as this 
may be necessitated (1) by transference of the group or (2) by a change of its 
rank 

When a genus is divided mto two or more genera, the generic name must be 
retamed for one of them, or (if it has not been retamed) must be re-established 
When a particular species was ongmally designated as the type, the generic name 
must be retamed for the genus mcludmg that species When no type was desig- 
nated, a type must be chosen 

Example Donker (1926) divided the genus Bacillus into Bacillus and ASrobacillus, 
retaimng Bacillus for the genus containing the type species Bacillus sublilis 

The same rule is apphed when a subgenus is divided mto two or more sub 
genera 

Rule 18 When a species is divided mto two or more species, the specific 
epithet must be retamed for one of them, or (if it has not been retamed) must 
be re-estabhshed When a particular specimen was ongmally designated as the 
type, the specific epithet must be retamed for the species mcludmg that speci- 
men When no tjpe was designated, a type must be chosen accordmg to the 
regulations given 

The same rule apphes to subspecies (varieties) , for example, to a subspecies 
(vanety) divided mto two or more subspecies (varieties) 

Example When Rhizobium leguminosarum Frank was divided into several species, all 
symbiotic on the roots of leguminous plants, the name R leguminosarum was correctly re 
tamed for one of them by Fred 

When a species is transferred to another genus (or placed under another 
generic name for the same genus), without change of rank, the specific epithet 
must be retamed or (if it has not been retamed) must be re-established unless 
one of the foUowmg obstacles exists (1) the resultmg binary name is a later 
homon 3 an or tautonym or (2) there is available an earlier validly published 
specific epithet 

When the specific epithet, on transference to another generic name, has been 
apphed erroneously m its new position to a different species, the new combi- 
nation must be retamed for the organism on which the epithet w'as originally 

based ... 

Rule 19 When two or more groups of the same rank are united, the oldeai 
legitimate name or (m species and their subdivisions) the oldest legitimate 
epithet IS retamed If the names or epithets are of the same date, the author 
who umtes the group has the nght of choosmg one of them The author uho 
first adopts one of them, defimtely treatmg another as a synonym or referring 
it to a subordmate group, must be followed 
(See Rule 5 ) 
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Rccommcndalion 19a Authors who have to choose between two generic names should 
note the following recommendations 

(1) Of two names of the same date to prefer the one which was first accompamed by the 
description of a species 

(2) Of two names of the same date, both accompanied by descnptions of species, to 
prefer the one i\hich, ii\hen the author made his choice, included the larger number 
of species 

(3) In cases of equality from these vanous points of view to prefer the more correct and 
appropriate name 

(See Rule 5 ) 

Rule 20 When several genera are united as subgenera under one generic 
name, the subgenus including the type of the generic name used must bear that 
name unaltered 

(See Rule 5 ) 

Rule 21 When several species are muted as subspecies or vaneties imder 
one specific name, the subdinsion which mcluded the type of the specific epithet 
used must be designated by the same epithet unaltered 

Rule 22 (1) When a subtribe becomes a tribe, when a tribe becomes a 

subfamily, when a subfamily becomes a family, etc , or when the mverse changes 
occur, the stem of the name should not be altered but only the teimination (-inae, 
-eae, -oideae, -aceae, ~ineae, -ales, etc ) ’ 

(2) When a subgenus becomes a genus, or the mverse changes occur, the 
origmal name should be retamed 

(3) When a subdivision of a species becomes a species, or the mverse change 
occurs, the origmal epithet should be retained unless the resultmg combmation 
is rejected under Section 6 

(See Rules 3, 4 ) 

Section 6 Rejection and Replacement of Names 

Rule 23 A name or epithet must not be rejected, changed, or modified 
merely because it is badly chosen or disagreeable, or because another is pre- 
ferable or better known 

(See Principles 1, 8, 10 ) 

Rule 24 A name must be rejected if it is illegitimate, i e , if it is contrary 
to a rule The pubhcation of an epithet m an illegitimate combmation must 
not be taken mto consideration for purposes of pnority 

(See Principle 1, Rules 1-4 ) 

A name of a taxonomic group is illegitimate m the followmg cases 

(1) If it was nomenclaturally superfluous when published, i e , if the group 
to which it was apphed, as circumscribed by its author, mcluded the type 
of a name which the authoi ought to have adopted under one or more of 
the Rules 

Example Dicrobaclruin Enderlem 1917 was superfluous because of the previous 
pubhcation of Serralia Bizio 1823 
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(2) If it IS a binary or ternary name published m contravention of Principle 
9 and Rules 17—23, i e , if its author did not adopt the earhest legitimate 
epithet available for the group with its particular circumscription, posi- 
tion, and rank 

(3) If its specific epithet must be rejected under Rule 25 

(4) If it is a later homonym of a genus of bactena, of a genus of plants, or of a 
genus of protozoa, that is, if it duphcates a name previously and validlj 
published for a group of the same rank based on a different type Even 
if the earher homonym is illegitimate, or is generally treated as a sjmonym 
on taxonomic grounds, the later homonym must be rejected When 
an author simultaneously pubhshes the same new name for more than 
one group, the first author who adopts one of them, or substitutes another 
name for one of them, must be followed 

Recommendation 24a Authors should avoid introducing into bacteriology as generic 
names such names as are in use in zoology 
(See Principle 5 ) 

Note Mere orthographic variants of the same name are treated as homonjnns when they 
are based on diSerent types 
(See Rule 28 ) 

(5) If, owmg to a segregation, it is used with different meanings, and so be 
comes a permanent source of confusion or error A list of names to be 
abandoned for this reason will be included under nomtna rejicienda 

(See Principle 3 , Provision 3 ) 

(6) If its apphcation is uncertam (jiomen dubium) A hst of names to be 
abandoned for this reason will be included under nomina rejiaenda 

(See Provision 3 ) 

(7) If the characterization of the group was based upon an impure or mixed 
culture A list of names to be abandoned for this reason {nomina confusa) 
will be included under nomina rejicienda 

(See Provision 3 ) 

Examples The characters of the genus Malleomyces Halher 1870 were derived froffl 
various fungi and bactena erroneously supposed to be growth forms of a single 
orgamsm The name Salmonella tokio AoLi was based upon a mnxed culture 

(8) If it was based upon an abnormality 

Example An eroded colony of Shigella dysenteriae due to bactenophage action 
would be such an abnormality 

Rule 25 Specific epithets are illegitunate in the followmg special cases and 
must be rejected 

(1) When they are merely words not intended as names 

(2) When they are merely ordmal adjectives bemg used for enumeration 

(3) When they exactly repeat the genenc name (Tautonym) 

(See Principles 1, 9, Rules 1, 2 ) b 

Ride 26 The name or epithet to be rejected accordmg to Rules 
replaced by the oldest legitimate name, or (in a combination) by the olde; 
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legitimate epithet which will be, m the new position, m accordance with the 
Rules If none exists, a new name or epithet must be chosen Where a new 
epithet IS leqmred, an author may, if he wishes, adopt an epithet previously 
given to the gioup in an illegitimate combination, if there is no obstacle to its 
employment m the new position or sense 

(See P) maples 1, 9 ) 

Section 7 Orthography and Gender of Names 

Rule 27 The origmal spelhng of a name oi epithet must be retamed, except 
m the case of a typographical enor, or of a clearly umntentional orthographic 
error When the difference between ti\o geneiic names hes m the termmation, 
these names must be regarded as distmct, even though differmg by one letter 
only This does not apply to meie oithographic variants of the same name 

Example Streptococcus erysipelatos and S erysipelatis are mere orthograpluo variants of 
the same name Erysipelatos is the strict transliteration of the Greek gemtive, erysipelatis 
IS the form of the more usual and preferable transliteration into Latin form 

(See Principles 1, 4, 9, Rules 5, 6 (c), Recommendation 5a) 

Note 1 The words “original spelling” m this Article mean the spelhng employed when 
the name was validly published 

(See Rules 1,2) 

Note 2 The use of a wrong connecting vowel or vowels (or the omission of a connectmg 
vowel) in a specific epithet, or in the name of a genus is treated as an umntentional ortho- 
graphic error which may be corrected 

Notes In deciding whether two or more slightly different names should be treated as 
distinct or as orthographic variants, the essential consideration is whether they may be 
confused with one another or not If there is a serious risk of confusion they should be 
treated as orthographic variants Doubtful cases should be referred to the Judicial Com- 
mission for an Opimon 

Note 4 Specific and other epithets and names of Greek origin differmg merely by having 
Greek and Latin terminations respectively are orthographic variants Epithets bearing 
the same meamng and differmg only slightly in form are considered as orthographic var- 
iants The gemtive and adjectival forms of a personal name are, however, treated as 
different epithets 

Example Hormodendron and Hormodendrum, the strict transliteration of the Greek 
neuter ending is -on The usual and preferable transliteration into the Latm is -um 

The liberty of correcting a name must be used with reserve, especially if the change af- 
fects the first syllable, and above all the first letter of the name 

Recommendation 27a \Vhen a new name is derived from a Greek word containing the 
spiritus asper (rough breathing), this should be transcribed as the letter h 

(See Principles 1, 4, Recommendation 5a, Rule 6 (o) ) 

Recommendation 27b For scientific names it is advisable to use another font than that 
used for the remainder of the text, or to space the letters, or to use some similar device ap- 
propriate to the text 

Example “The disease anthrax is caused by Bacillus anthracis Koch ” Typewritten 
scientific names should be underlined 

(See Principles 1, 4, Recommendation 5a, Rule 6 (c) ) 

Recommendation 27o When a new name for a genus or subgenus is taken from the name 
of a person, it should be formed in the following manner 
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(1) When the name of the person ends in a vowel the letter a is added (thus, Gaffkya 
after Gafiky , Wo^ucAio after Noguchi, Serraha after Serrati), except when the name 
already ends in a, when ea is added (e g , Collaea after Colla) 

(2) When the name of a person ends in a consonant the letters ta are added (e g , Escheri 
chta after Escherich, Erwinia after Erwin F Smith, Pasteuna after Pasteur), except 
when the nam e ends in er, when a is added (e g , Kernera after Kerner) 

(3) Names may be formed by use of a prefix or a suffix, or modified by anagram or ab 
breviation In these cases they count as different words from the original name 

In many cases the names of bacterial genera are formed from the names of persons 
by the addition of a diminutive ending The most common modern Latin convention 
IS to add one of the endings -ellus, a, um, preferably ella to conform to Recommenda 
lion 5a In some few cases one of the endings -illus, a, um has been added 

(See Principles 1, 4, Recommendation 5a, Rule 6 (c) ) 

(4) The syllables which are not modified by these endings retain their original spelling, 
even with the consonants k and w or with the groupings of vowels which were not 
used in classical Latin Letters foreign to botanical Latin should be transcribed and 
diacritic signs suppressed The Germamc d, o, u become ae, oe, ue, the French k, 

and & become generally e In works in which diphthongs are not represented b> 
special type, the diaeresis sign should be used where required, e g , Aerobacillus 
not Aerobacillus 

Recommendation 27d A new specific or subspecific (varietal) epithet taken from tho 
name of a man may assume either a substantival or an adjectival form The syllables which 
are not modified by these endings retain their original spelling, even with the consonants 
A or la or with the groupings of vowels which were not used in classical Latin Letters 
foreign to botamcal Latin should be transcribed and diacritic signs suppressed The 
Germamc d, o, u become ae, oe, ue The French e, b, b become generally e 

When the epithet is a substantive, it is formed in the following manner 

(1) When the name of the person ends in a vowel, the letter i is added (thus, sonnet from 
Soime) except when the name ends in a, when e is added (thus, balansae from 
Balansa) 

(2) When the name ends in a consonant, the letters ii are added (thus, icelchii from 
Welch) except when the name ends in er, when i is given (thus, barken from Barker) 

When the epithet is an adjective, it is formed by the addition of an appropriate ending 
(thus, pasteunanus, a, um from Pasteur) 

(See Principles 1, 4, Recommendation oa. Rule 6 (c) ) 

Recommendation 27e The same provisions apply to epithets formed from the names o 
women When these have a substantival form they are given a feminine termination 
(Thus, Cytophaga 1 rzemieniewsl ae ) 

(See Principles 1, 4, Recommendation 5a, Rule 6 (c) ) 

Recommendation 27f New specific (or other) epithets should be written in conformi y 
with the original spelling of the words from which they are derived and in accordance wi 


the rules of Latin and latinization 

Examples siheslns (not sylveslris), sinensis (not chinensis) 

(See Principles \,i. Recommendation 5a, Rule Q {e)) 

Recommendation 27g Specific epithets, even those derived from names of per-o , 
should not be capitalized 

(See Pnnciples 1, 4, Recommendation oa. Rule 6 (c) ) . rml 

Recommendation 27h In the formation of names or epithets composed of two or 
roots taken from Latin or Greek, the vowel placed between the two roots becomes ^ 
necting vowel, m Latin usually i, in Greek usually o When the second root ^ 

vowel and euphony requires, the connecting vowel should be eliminated (e g , / P 
The connecting vowels ae should be retained onlj where this is required for 
reasons (eg, caricaeformis from Carica, in order to axoid confusion with ca J 
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from Care\) In certain compounds of Greek words, no connecting vowel is required, e g , 
brachycarpus and glycyphyllus 

(See Principles 1, 4, Recommendation 6a, Rule 6 (o) ) 

Recommendation 27i Authors should give the etymology of new generic names, and 
also of new epithets when the meamng of these is not obvious 

(See Principles 1, 4, Rule 5, Recommendation 5a, Rule 6 (c) ) 

Rule 28 The gender of generic names is governed by the following regula- 
tions 

(1) A Greek or Latm word adopted as a genenc name retains its classical 
gender In cases where the classical gender vanes the author has the 
right of choice between the alternative genders In doubtful cases general 
usage should be followed 

(2) Generic names which are modern compounds formed from two or more 
Greek or Latin words take the gender of the last If the ending is altered, 
however, the gender will follow it 

Example Spirochaete is femimne because the Greek noun chaete (xainj) is 
femimne However, if a name Spirochaetum were proposed it would be neuter 

(3) Arbitrarily formed generic names or vernacular names used as genenc 
names take the gender assigned to them by their authors Where the 
origmal author has failed to indicate the gender, the next subsequent 
author has the right of choice 

(See Principle 4, Rule 5 ) 

Chapter 4 

PROVISIONS FOR EXCEPTIONS TO THE RULES AND FOR THE 
INTERPRETATION AND MODIFICATION OF RULES 

Provision 1 Modification and amendment of Rules These Rules can be 
amended only by action of a plenary session of an International Congress for 
Microbiology convened by the International Association of Microbiologists 

Provision 2 Lists of nomina conservanda To avoid disadvantageous changes 
in the nomenclature of the genera by the strict apphcation of the Rules of Nomen- 
clature, the Rules provide for a hst of names which must be retained as excep- 
tions {nomina conservanda) 

Note 1 This list of conserved names will remain permanently open for additions Any 
proposal of an additional name must be accompanied by a detailed statement of the case for 
and against its conservation Such proposals must be submitted to the Judicial Com- 
mission (see Promston 4) for study and appropriate action 
Note 2 When a name proposed for conservation has been provisionally approved by the 
Judicial Commission, bacteriologists are authorized to retain it pending the decision of the 
next International Congress for Microbiology 
Note S A conserved name is conserved against all other names for the group, whether 
these are cited in the corresponding list of rejected names or not, so long as the group con- 
cerned IS not muted with another group bearing a legitimate name In the event of union 
or reumon with another group, the earlier of the two competing names is adopted in ac- 
cordance with Rules 19, 20, and 21 
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A oie 4 A conserved name is conserved against all earlier homonyms 
Example The generic name Bacillus Cohn with the type species B subiilis Cohn em 
Erazmowsla 13 conserved by recommendation of the Nomenclature Committee and the ac 
tion of the Second Internationnl Congress for Microbiology 
(See Principles 6, 9, Pule 24 (5), (6), (7) ) 


Provtswn 3 Lists of nomina rejictenda To avoid unnecessary confusion 
m the nomenclature of bacteria by the stnct application of the rules of nomen- 
clature, the Rules provide a hst of names {nomina rejicienda) which are not 
to be used, i e , are to be permanently rejected This hst mcludes names which, 
owmg to segregation, aie used with different meamngs and have become a per- 
manent source of confusion oi erior {nomina ambigua), names where application 
IS uncertam {nomina dubia), and names apphed to a group made up of two or 
more discordant elements, especially if these elements were erroneously supposed 
to form part of the same individual {nomina confusa) 

(See Principles 6, 9, Rule 24 (5), (6), (7) ) 


Note 1 This list of rejected names will remain permanently open for additions An> 
proposal of an additional name must be accompamed by a detailed statement of the case 
for and against its rejection Such proposals must besubmitted to the Judicial Commission 
of the Nomenclature Conomittee for study and appropnate action When a name proposed 
for rejection has been provisionally rejected by the Judicial Commission, bacteriologists 
are authorized to reject it pending the decision of the next International Congress for 
Microbiology 

Note 2 A rejected name may not be later introduced into bacteriological literature, 
except that nomina duhta may be removed from the list upon submission of evidence of 
correct status and by action by the Judicial Commission on Nomenclature 

Provision 4 Authorization of a Nomenclature Committee A permanent 
Nomenclature Committee has been established by the International Association 
of Microbiologists m Congress This Nomenclature Committee is so constituted 
that wherever practicable each nation is represented by at least one member, and 
no nation by more than five Recommendations for nommation for membership 
on this Nomenclature Committee may be made by any society of microbiologists 
or by members of any International Congress Recommendations for nomina- 
tions should be made to one of the Permanent Secretanes who will present them 
to the Nomenclatm e Committee for consideration at its next meeting Appomt- 
ments to membership on the Nomenclature Committee are made by nomination 
by the Nomenclature Committee and election by the next following Plenar> 
Session of an International Congress for Microbiology The Internationa 
Congress elects two Permanent Secretanes, one primarily to represent medica 
bacteriology and one to represent nonmedical bactenology The Nomenclature 
Committee shall elect such other officers as may be desired A complete list 
of aU members of the Nomenclature Committee shall be published in the Pro- 
ceedings of each tnenmal meetmg of the International Congress for Microbudogj 

The Nomenclature Committee selects from its membership a Judicial Com- 
mission consistmg of twelve members, exclusiv e of members ex officio, arid^dc^ia 
nates a Chairman from the membership of the Commission The tv o Ptnna 
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uent Secretaries of the Nomenclature Committee are members ex officio of the 
Judicial Commission The commissjoners serve m three classes of four commis- 
sioners each for mne years, so that one class of four commissioners retires at 
each International Congress In the event of failure of the International Con- 
gress to meet triemually, the term of office of each class will automatically be 
extended by the number of years greater than three elapsmg between successive 
Congresses In case of resignation or death of any commissioner, his place 
shall be filled for the unevpired term by the Nomenclature Committee at its next 
meetmg 

The Nomenclature Committee has the foUowmg functions 

(1) To consider and pass upon all recommendations relatmg to the for- 
mulation or modification of Rules of Nomenclature, particularly such 
rules as relate to bacteria, but also pertaining to nomenclature of other 
groups when desirable The Committee will recommend such action 
as may be appropriate to the ne'ct Plenary Session of an International 
Congress for Microbiology 

(2) To consider all Opmions rendered by the Judicial Commission Such 
Opmions become final if not rejected at the meetmg of the Interna- 
tional Committee next followmg the date on which the Opmion was 
issued 

(3) To designate official Type Culture Collections 

(4) To receive and act upon all reports and recommendations received 
from the Judicial Commission or other committees relatmg to prob- 
lems of nomenclature or taxonomy 

(5) To hold at least one meetmg tnenmally m connection with the meetmg 
of the International Congress for Microbiology 

(6) To report to the final Plenary Session of each Congress a record of its 
actions, and to recommend for approval such actions and nommations 
as require the approval of the Congress 

(7) To co-operate with other Committees, particularly those of the In- 
ternational Botanical and Zoological Congresses, to consider common 
problems of nomenclature 

(See General Consideraiiona 1 ) 

B The Judicial Commission of the Nomenclature Committee has the followmg 

functions 

(1) To issue formal “Opinions” when asked to mterpret rules of nomen- 
clature m cases m which the apphcation of a rule is doubtful 

(2) To prepare formal “Opinions” relative to the status of names which 
have been proposed, placmg such names when deemed necessary m 
special lists, such as lists of nomina conservanda, nomina r^icienda, etc 

(3) To develop recommendations for emendations of the International 
Rules for Bacteriological Nomenclature, for presentation to the Nomen- 
clature Committee 

(4) To prepare formal “Opmions” relative to types, particularly types 
of species and genera, and to develop a list of bactenal genera which 
have been proposed with the tjqie species of each 
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(5) To prepare and publish lists of names of genera which, have been 
proposed for bacteria, for protozoa, or for other groups in which micro- 
biologists are interested m order to assist authors of new names in 
avoidmg mvahd homonyms 

(6) To develop a hst of pubhcations m microbiology whose names of 
orgamsms shall have no standmg in bacteriology in determmation of 
pnonty 

(7) To edit and publish the International Rules of Bacteriological Nomen 
clature, Opimons, Lists of Nomina Conservanda, Nomina Rejicienda, 
Type Species, etc 

(8) To report to the Nomenclature Committee at its trienmal meetmgs all 
Recommendations, Transactions, and Opmions 

(9) To report to the International Committee at its trienmal meetmgs 
the names of all Commissioners whose terms of service e\pire, hke- 
wise a hst of all vacancies caused by resignation or death 

(10) To prepare “Opimons” when requested relative to the nomenclatiiral 
status of microorgamsms studied by microbiological techmques, 
but not classed with the bacteria or viruses, for example the yeasts, 
molds, and protozoa However, such “Opinions” shall not be issued 
until confirmed by the commission charged with the interpretation 
of the appropriate code of nomenclature (Botamcal or Zoological) 

Recommendation 4 Whenever, in the opinion of any microbiologist an interpretation of 
any rule or recommendation of nomenclature is desirable because the correct application of 
such a rule or recommendation is doubtful, or the stability of nomenclature could be in 
creased by the conservation or by the rejection of some name which is a source of confusion 
or error, it is recommended that he prepare a rdsum4 outlimng the problem, citing pertinent 
references, and indicating reasons for and against specific interpretations This rdsunid 
should be submitted to the Chairman of the Judicial Commission, if desired, through one of 
the Permanent Secretaries An Opimon will be formulated, which may not be issued until 
it has been approved by at least eight members of the Commission 
(See Principles 2, 6 ) 
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A considerable amount of work is being done on the histochemicallocahzation 
of some enzymes m the tissues of higher animals and plants However, al- 
though bacteria have been frequently studied for a few isolated substances 
such as glycogen, hpids, nucleic acids, and protem, no determined effort has 
been made to analyze these lower forms of life for their various enzyme systems 
by histochemical methods The localization of enzymes and chemical con- 
stituents m bacteria offers possibihties of determimng further details of their 
internal anatomy, and may help to shed hght on the problem of the bacterial 
nucleus In addition, such studies may aid m classif 3 Tng microorgamsms as 
well as in givmg a better understandmg of their physiology 

This communication describes the results of applymg the methods of Gomori 
(1946 a, h) for the locahzation of acid and alkahne phosphatases and hpase to 
bacteria and true fungi The effect of pemcilhn, m concentrations sufficient 
to halt growth, on the acid and alkahne phosphatase stains of certam bactena 
was also studied, and the findmgs were checked with the quantitative effect of 
this antibiotic on the phosphatase activities m the culture suspensions of the 
same orgamsms 

Roche et al (1946) reported that the exposure of dialyzed mtestinal tissue 
extracts to divalent cations such as those of magnesium and manganese m com- 
bmation with alanme resulted m an activation of the alkahne phosphatase 
present Accordmgly, in this investigation magnesium and manganous ions 
along with alamne in each case were added separately to two lots of agar media 
m order to deterrmne the effect of these agents on the stammg, not only of the 
alkahne phosphatase, but also of the acid phosphatase and lipase in the bac- 
teria grown on these media 

EXPERIMENTAL PROCEDURES 

Bactenal smears were prepared in the usual manner by allowing a suspension 
of the orgamsms m distilled water to dry on rmcroscope shdes The shdes 
were not heated After drying they were placed m a Cophn ]ar full of acetone 
for 10 mmutes, to be fixed The acetone was rinsed from the shdes with distilled 
water, after which they were placed m a 0 1 m citrate buffer, pH 4 7, to remove 

‘ The work reported m this paper was made possible by grants from the Smith, Klme 
and French Laboratories, Philadelphia, Pennsylvama, and from the Medical Research Fund 
of the Graduate School of the University of Minnesota 
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naturally occurring inorganic phosphates and other substances that might 
give a positive test Thus any staining that was obtained was due to enzyme 
activity alone The wash interval may vary, but 0 5 of an hour was found to be 
sufficient The shdes were then removed, washed thoroughly, and placed m 
the substrate solution to be mcubated overmght Durmg the mcubation period 
the enzyrme, if present, hydrolyzes the substrate, releasing an amon that is 
immediately precipitated, tn situ, by cations m the substrate media The 
precipitate is then converted to a compound that can be visuahzed m the micro- 
scope 

The prmciple of the Gomon method is as follows The alkahne phosphatase 
activity IS visuahzed by precipitation of the phosphate, which is hberaled from 
the substrate, as the calcium salt, this compound is converted to cobalt phos- 
phate, and finally transformed to cobalt sulfide, which is black and can be easily 
seen In the case of acid phosphatase, lead is used m place of calcium because 
calcium phosphate is soluble at the lower pH values used Lipase is visuahzed 
by the formation of a precipitate of the calcium salt of the high molecular weight 
fatty acids that are set free by the enzyme action This precipitate is then 
converted to lead sulfide in the same manner as for phosphatase 

Alkaline Phosphatase 

Reagents 

(1) Citrate buffer Add 2 volumes of 0 1 m hydrochlonc acid to 8 volumes of 
citrate solution (21 g of citnc acid plus 200 ml of 1 ii sodium hydrovide made up 
to 1 hter with distilled water) 

(2) Substrate Combme 25 ml of 2 per cent sodium glycerophosphate,- 25 
mi of 2 per cent sodium barbital, 50 ml of distilled water, 5 ml of 2 per cent 
calcium chlonde, and 2 ml of 2 per cent magnesium sulfate Add a few drops of 
chloroform and store m icebox The stored solution will not deteriorate for 
several months 

(3) Ammonium sulfide solution Add 2 or 3 drops of the ammomum sul e 
solution to a Cophn jar of distilled water 

(4) Cobalt nitrate solution Two pier cent aqueous solution 

Procedure 

(1) Suspend organisms m distilled water on microscope shdes and allow to 
dry 

(2) Fix m acetone for 10 rmnutes 

(3) Rinse thoroughly with distilled water 

(4) Immerse m citrate buffer for 30 mmutes 

(5) Rinse thoroughly with distilled water 

(6) Place m the substrate medium overnight 

(7) Rinse thoroughly with distilled water 

(8) Immerse m the cobalt mtrate solution for 5 mmutes 

* A product of the Eastman Kodak Company (52 per cent alpha- and 4S per cent beta ) 
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(9) Rinse thoroughly with distilled water 

(10) Immeise in ammoniuin sulfide for 1 or 2 minutes 

(11) Rinse thoroughly with distilled water 

Acid Phosphatase 

Reagents 

(1) Citrate buffer Same as for the alkahne phosphatase 

(2) Substrate Combme 6 ml of acetate buffer (30 3 ml of 1 m glacial acetic 
acid plus 68 ml of 1 m sodium acetate made up to a hter), 5 ml of 0 1 m lead 
nitrate, 37 ml of distilled water, and 2 ml of 3 2 per cent sodium glycerophos- 
phate ’ Make fresh each time 

(3) Ammonium sulfide Same as for the alkahne phosphatase 
Procedure 

(1) Suspend organisms m distiUed water on microscope shdes and allow to 
dry 

(2) Fix m acetone for 10 minutes 

(3) Rinse thoroughly with distilled water 

(4) Immerse m citrate buffer for 30 minutes 

(5) Rmse thoroughly with distilled water 

(6) Place m the substrate medium overmght 

(7) Rinse with distilled water 5 or 6 times at 5-mmute intervals 

(8) Immerse m ammomum sulfide for 1 or 2 min utes 

(9) Rmse thoroughly with distilled water 

Lipase 

Reagents 

(1) Citrate buffer Same as for the alkahne phosphatase 

(2) Substrate Stock solution I — Combme 150 ml of 30 per cent glycerol, 50 
ml of 10 per cent calcium chlonde, 50 ml of barbiturate buffer (29 ml of 0 1 m 
sodium barbital and 21 ml of 0 1 ai hydrochloric acid), and make up to a htei 
with distilled water 

Stock solution II — ^five per cent aqueous solution of “tween 40” or “60,”^ 
or “product 81 

The hpase substrate was prepared for use by addmg 2 ml of stock solution 
II to 50 ml of stock solution I 

(3) Ammonium sulfide Same as foi the alkahne phosphatase 

(4) Lead nitrate solution Two per cent aqueous solution 

’ See footnote 2 

* Palmitate and stearate, respectively, of a synthetic ester made by the Atlas Powder 
Company, Wilmington, Delaware 

‘ Synthetic stearic acid ester made by the Ony\ Od and Chemical Company, Jersey City, 
New Jersey 
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Procedure 

(1) Suspend organisms m distilled water on microscope slides and allow to clrv 

(2) Fix in acetone for 10 minutes 

(3) Rinse thoroughly with distilled water 

(4) Immerse m citrate buffer for 30 mmutes 

(5) Rinse thoroughly with distilled water 

(6) Place m the substrate medium overmght 

(7) Rinse thoroughly with distilled water 

(8) I m merse m the lead mtrate solution for 10 mmutes 

(9) Rinse thoroughly with distilled water 

(10) Immerse m ammomum sulfide for 1 or 2 mmutes 

(11) Rinse thoroughly with distilled water 

By means of the Kmg-Armstrong (1934) procedure, quantitative acid and 
alkahne phosphatase activities were determmed on 10 peptone culture suspen- 
sions of bactena for correlation with the phosphatase stams on these organisms 

PemciUm was used m a final concentration of 100 imits per ml in the sub- 
strate solutions employed for the staining reactions The antibiotic was added 
at the start of the digestion period Separate tnals showed that the same con- 
centration of pemcillm m the culture media stopped the growth of all the organ- 
isms tested with the one exception of Alcahgenes faecahs In the quantitative 
measurements of the phosphatase activity, the effect of pemcilhn was obsen ed 
after the culture suspensions were brought to a final concentration of 100 units 
per ml just before the enzyme measurement was begun 


HESTUiTS AND DISCUSSION 


The mtensity of the phosphatase or hpase stams that were given by the organ- 
isms was found to vary with the age of the culture, the older cultures giving 
weaker stains Accordmgly, 24-hour cultures were employed for all the cork 
mcluded m this report The effect of magnesium or manganous ions along iwth 
alanme m the agar on the mtensity of the enzyme stammg is illustrated m ta 
ble 1 It may be seen that certam bacteria that gave negative reactions could 


be activated to the pomt of yieldmg positive stams m some instances 

The organisms used were selected from the museum stock of the Department 
of Bactenology, Umversity of Minnesota It w as observed that m many cases 


various strains of the same organism varied considerably in then enzjTne po 
tencies In some cases one stram of an orgamsm was completely negatu e in the 
stammg reaction whereas another stram w'as strongly positive With the bit- 
tena, both phosphatases did not occur together m the same orgamsm as mchcatec 
by the stammg This is not true of certam of the fungi (table 2) It is note- 
worthy that none of the fungi tested gave a hpase stam, chereas most of t ic 


bactena did , 

The hpase stam very rarely revealed defimte intracellular morphologj 
usually appeared that the enz}matic activuty was diffuse, as endenced b> entire 
areas of golden-brown stam Very' fine strands were thought to be oboorv cd on 
sev era! of the organisms such as Bacillus indicus and Bacillus megatherium, m a 
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check on the motility indicated the possibility that the flagella were being stained 
Along with the xppaient stiands noted m these lipase stains anothei unusual 
e\ti iccllulii element wms obseived It had the appeaiance of a spiial, and m 
most c ises appe ued to bo unattached to a cell The significance of the stiands 
and the spnals ind of then lelationship, if any, to the oiganisms themselves 
IS not undei stood 


TABLE 1 

The cjfcct of actuators in the medium on the enzyme staining of certain bacteria grown 


on agar 


ORGWISM 1 

CONTROL \C\R 

Mg \lvnineacaR* 

1 Mn \LAN;NE'’AGARt 

Alka 

line 

olios* 

pfiatasc 

Acid 

olios* 

pfiatasc 

O 1 

C. 

Alka 

hne 

phos- 

phatase 

Acid 

phos- 

phatase 

Lipase 

AlU 

line 

phos- 

phatase 

Acid 

phos- 

pha 

tase 

Lipase 

Klebsiella pneumoniae (stiuiii I) 

— 

+ 

— 

— 

+ + 

1 

— 

+4- 

+ 

Acrobacter cloacae 

— 

— 

— 

— 

— 

+ 

— 

— 

+ 

Aerobacter acrogencs 

- 


- i 

- 

-b 


- 

+ 


Bacillus mycoides 

- 




- 

-f 

"h 

- 

+ 

Bacillus indicus 

_ 1 


+ 

+ 

_ 

+ 

4" 

— 

4“ 

Alcaligcncs faccalts 

- 


— 1 

- 

- 

- 

+ 

- 

4" 

Klebsiella pneumoniae (strain II) 

- 


- 

+ 

- 


+ 

- 

± 

Bacillus megatherium 

- 


- 

- 

- 

+ 

- 

+ 

4* 

Bacillus subtilis 

— 

Bl 

— 

-1- 

— 

— 

+ 

1 


— 


• Final concentration of magnesium sulfate, 0 1 molar, alanine, 0 017 molai 
t Final concentration of manganous sulfate, 0 01 molar, alanine, 0 017 molar 


TABLE 2 

Enzyme staining of certain fungi 


ORGAKISU 

ALKALINE 
PHOSP2I \TASE 1 

ACID 

PHOSPHATASE 

LIPASE 

Saccharomyccs cerevisiae 

+ 

+ 


Saccharomyces fiagilis 

- 

+ 

- 

Candida albicans 


-b 

— 

Cryptococcus sphaerica 

- 

4~ 

- 

“Torula cremoris” | 

-t- 

+ 

— 

Cryptococcus species 

- 

+ 

- 

Geotrichum candidum j 


-1- 

— 


Figuies 1 to 5 illustiate the appeaiance of the stained oiganisms in a few 
instances It should be boine m mind that all oigamsms weie tieated with 
citiate buffei of pH 4 7 befoie the staining leaction w^as earned out m oidei to 
remove extianeous substances that might give a positive test When the organ- 
isms weie so tieated and then subjected to the stammg reagents (but not sub- 
strate), no stain was appaient Thus any stain that these orgamsms developed 
latei repiesents enzyme and only enzyme As anothei check agamst false- 
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Bacillus mycoidls Stained for Alkaline Fig 4 Saccharomyces cerevisiae Stained for 

Phosphatase X 1,267 Alkaline Phosphatase X 1,267 
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positive reactions, both heat and fluoiide were used to inactivate tlie enzmie^ 
BoiMg the fixed piepaiations foi a shoit time oi exposing the slides to i fluoride 
solution resulted m negative staimng m all cases 

R of electionmiciographs of Bacillus mycoides, ind 

Baker (1947) repoited the presence of nuclei in these oigamsms Then photo- 
graphs showed inteinal structures veiy similar to those obseived in this iinc=- 
tigation under the light micioscope aftei staimng foi alkaline phosphatase In 



Fig 5 Bacillus subtilis Stained for Lii isl X 1,267 


both plant and animal tissues it has been shown that phosphatases are prc-tnt 
m nuclei The possibihty exists that the stained areas tint iveic obscncd m 
the present v oik ma}" mdicate nuclei, but whethei or not this is so remains to lie 

proved . 

A void of caution should be injected concerning the interpretation ol Un 
localized areas of stain These should not be taken too hteridlv Ionic 
moleculai forces aie opeiatia e that maj cause certam dc\ latioiis in the preeijnt u 
pattern and thus lead to a distubution not neccssarilj identical with tin cn/mi' 
topographj as it existed prior to the staining treatments 
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The effect of pemcillm on the phosphatase activities of 10 species of bacteria 
may be seen in table 3 It is obvious that pemciUin has httle if any effect, even 
though the concentration used arrested growth in all cases except Alcahgenes 
faccahs When added to the substrate solutions employed for the enzyme-stain- 


TABLE 3 

The cjfcct of penicillin on Ihe phosphatase activities of certain bacterial peptone broth 

suspensions 


ORGANISU 1 

ALKALINE PHOSPHATASE 
(UNITSVIOO ML suspension) 

ACID PHOSPHATASE 
(UNITSt/100 ML suspension) 

Klebsiella pneumoniae (strain I) 



Control 

0 0 

7 8 6 4 

Penicillin 

0 0 

9 2 6 0 

Acrobacter acrogencs 



Control 

0 0 

98 72 60 

Penicillin 

0 0 

90 68 58 

Bacillus mycoidcs 



Control 

18 21 46 


Penicillin 

35 20 46 


Bacillus indicus 



Control 

11 

0 8 

Penicillin 

11 

0 2 

Alcahgenes faecalis 



Control 

00 20 60 

0 4 12 

Penicillin 

17 0 0 2 0 

8 6 12 

Klebsiella pneumoniae (strain 11) 



Control 

26 13 70 

2 0 

Penicillin 

28 13 60 

2 0 

Bacillus megatherium 



Control 

1 0 

00 08 20 

Penicillin 

1 0 

20 08 08 

Bacillis subtilis 



Control 

59 32 37 

2 0 

Penicillin 

61 29 36 

0 0 

Bacillus terminalis 



Control 

0 0 

10 06 06 

Penicillin 

0 0 

12 08 08 


* Amount of enzyme acting on excess disodium phenyl phosphate at pH 9 0 and 37 5 
C that \m 11 liberate 1 mg of phenol in 3 hours 

t Amount of enzyme acting on excess disodium phenyl phosphate at pH 4 9 and 37 5 
C that will liberate 1 mg of phenol in 3 hours 

mg reactions, pemcillm had no effect on the stains, as would be expected from the 
quantitative data 

If one compares the data m tables 1 and 3, it is clear that a negative stam does 
not necessarily indicate the complete absence of enzyme, but merely that the 
activity IS less than some low value Thus the acid phosphatase stam was 
negative for Klebsiella 'pneumoniae even though a small degree of activity was 
present 
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SUiQIART 

The Gomori methods for acid and alkalme phosphatases and lipase were 
employed for the stammg of a vanety of bactena and fungi Locabzed areas 
withm the organisms gave positive stams m certam instances, suggests e of aa 
internal structure or mhomogeneity 

Manganous and magnesium ions along with alamne in the culture agar Mere 
demonstrated to activate the bactenal enzymes and markedly increase their 
stammg mtensity 

Pemcillm, m concentrations sufficient to arrest completely the growth of 
certam bacteria, was found to have no significant effect on the phosphatase 
activities of these bactena, as demonstrated separately by staimng abihty and 
quantitative measurement 
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Among the various antibiotics produced by actmomycetes, streptomycin 
occupies a promment place So far, the abihty to form this substance has been 
limited to certam strains of orgamsms belongmg to the Sireptomyces gr^seus 
group (Schatz, Bugie, and Waksman, 1944, Waksman, ReiUy, and Johnstone, 
1946) Most of the other strains of S gnseus are unable to produce any an- 
tibiotic at all (Waksman, Schatz, and Reynolds, 1946, Carvaja), 1946), or they 
form other antibiotics, such as grisem (Reynolds, Schatz, and Waksman, 1947) 
The streptomycm-pioducmg strains of S gnseus can easily be differentiated from 
the nonstreptomycin strains Two simple procedures can be utihzed for this 
purpose (1) determmation of the sensitivity of the streptomycm strains and 
the resistance of the nonstreptomycm strains to the action of actmophage (Waks- 
man, Hams, and Reilly, 1948), (2) determmation of the resistance of the first 
and the sensitivity of the second to the action of streptomycm Sensitivity to 
streptomycm can be detemuned by the agar streak method, stre akin g first a 
streptomycm-producing strain of S gnseus and, after 24 hours’ mcubation, 
streakmg the unknown strams as test organisms 
The possibihty that streptomycm may be produced by orgamsms other than 
S gnseus has been mdicated recently by Trussell, Fulton, and Grant (1947), 
who isolated a culture of a Sireptomyces which produced a mixture of antibiotics, 
one of these appeared to be streptomycm and the other streptothricm John- 
stone and Waksman reported (1947) that a certam organism, tentatively desig- 
nated as Sireptomyces bikimensis and distmct from S gnseus, was capable of 
elaborating an antibiotic that proved to be very similar to streptomycm Smce 
the chemical identity of this substance with the streptomycm obtamed from 
S gnseus was not fully established, the preparation was designated tentatively as 
streptomycm II The experimental results deahng with the nature of the 
organism and with its ability to produce streptomycm form the subject of t.Tna 
paper 


EXPERIMENTAL PROCEDURES AND RESULTS 

Isolation of organism In connection with a study of the bacteriological ac- 
tivities m the waters of the Bikini Lagoon and of neighbormg areas, earned out 
durmg the atomic bomb experiments m July, 1946, several soil samples were 
taken from the Bikmi and Rongelap atolls The location of these sods, their 

1 Journal Series Paper, New Jersey Agricultural Experiment Station, Rutgers Umver- 
sity. Department of Microbiology 

® Partly supported by a grant made by the New York Foundation 
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chemical composition, and their biological pioperties were reported elsewhere 
(Johnstone, 1947) 

When brought to the laboratoiy, these soils weie plated out, ordmarj bac 
tenological media bemg used After certain periods of incubation at 2S C, the 
plates were exammed for the nature and abundance of the various groups of 
orgamsms One of the most striking properties of the microbiological popula 
tion of those sods was the relatively high percentage of actinomycetes among 
the colomes developmg on the plates The actmomycetes colonies were picked 
from the plates and tested for their antagomstic properties by the usual agar 
cross-streak method A large number of the cultures, belonging mostly to the 
genus Streptomyces, exerted %n inhibitmg effect upon the growth of the test bac 
tena on the agar plate One of the cultures showed marked inhibition of grow th 
of various gram-positive and gram-negative bacteria When grown in liquid 
media, this culture produced an antibiotic that resembled streptomycin in its 


TABLE 1 


Inhibition of bacterial growth by actinomycetes as measured by cross streak, tests 


STSEPIOJSCZS SPECKS 


TEST BACIEEIA 


Bacillus suhtihs 


Escherichia coh jj/ycciacterium actum Jl^cc^tuUruni fi'n 


Zone oj inhihilion inmillmeters 


S bikiniensis 

30 

21 

26 

30 

S gnseus 4 

20 

15 

13 

19 

S gnseus 22 

20 

10 

14 

19 

S lavendulae 

25 

20 

20 

20 

Streptomyces G 

8 

10 

14 

20 

Streptomyces H 

20 

9 

21 

22 


antibactenal properties or its antibiotic spectrum, in its solubility m water and 
other solvents, and m various other chermcal and biological reactions Since 
the culture was, however, distmctly different from S gnseus, it was selected for 
further study Smee it was also different from the other known species ot 
Streptomyces, it was decided to designate it as a new species, under the name 
Streptomyces bikimensis 

The results obtained by the cross-streak agar method (table 1) established the 
degree of inhibition of various bacteria by S hikiniensis, as compared to simihr 
inhibition of the same bacteria by two strains of streptomyem-produemg ^ 
gnseus, the streptothricm-producmg Streptomyces lavendulae, and two unknown 
cultures belongmg to the genus Streptomyces S bif iniensis gave on the pin c 
a wider zone of inhibition against the vanous test bacteria than did the otlicr 
actinomycetes When a more complete antibacterial spectrum was ma > 
comparing the relative mhibition of the growth of a number of bacteria, ^ 
bil imensis was found to give a spectrum similar to that of the two strains oi 
gnseus, it was quite distmct, however, from the spectra of the other three a • 
tmomycetes 
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Produclion of streptomycin II S bikimensis was grown in the same broth 
that IS commonly used for the production of streptomycm This broth con- 
sists of 3 g meat extract, 5 g peptone, 10 g glucose, and 5 g NaCl per hter of tap 
water The cultures ere mcubated at 28 C, both under static and shaken 
conditions Some of the cultures were removed after defimte incubation periods, 
filtered through paper, and the filtrates tested by the agar streak method CWaks- 
man and Reilly, 1945) The results presented m table 2 show that the static 
cultures were somewhat more satisfactory than were the shaken cultures for the 
growth of S bikimensis and for the production of the antibiotic Although the 
shaken cultures gave greater activity m a shorter tune, this activity never became 
so high as m the static cultures and soon tended to disappear completely The 


TABLE 2 

Production of an antibiotic substance by Streptomyces bikimensis 


INCUBATION 

B SUBTILIS 

B incomes 

E COLl 

S ilABCESCENS 

Static cultures 

days 





3 

30 

10 

0 

0 

b 

300 

100 

10 

10 

10 

300 

300 

30 

30 

14 

200 

200 

30 

30 

Shaken cultures 

1 

100 

0 

0 

0 

3 

100 

30 

10 

10 

5 

100 

100 

30 

30 

7 

10 

0 

0 

0 


Dilution units per 1 ml of culture 


antibacterial spectrum of the culture filtrates appeared m both cases, however, 
to be very similar to that of streptomycm 
The effect of the nature of the various constituents of the medium and of their 
concentration upon the production of the antibiotic, S bikimensis was studied m 
shaken cultures The cup method, with a streptomycm standard, was used for 
testmg the activity of the cultures In the case of glucose, the highest activity 
was obtamed with 0 1 per cent of the sugar, as shown m figure 1 The cultures 
free from glucose gave as good activity as those contaimng the higher sugar 
concentrations With 2 0 per cent of glucose, the medium remamed acid for a 
long time This imtial acidity was later oveicome by the growmg culture, the 
pH nsmg to its stabihzed peak of 8 7 This peak was reached sooner m cultures 
contaimng smaller amounts of glucose The amount of streptomycm pro- 
duced m 9 days vuth 2 per cent glucose was only 20 pg per ml, thus showmg that 
glucose has a tendency to delay the formation of streptomycm Apparently 
the buffenng effect of the glucose, which was found to be necessary m S gnsens 
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cultures IS not essential m cultures of Ukintensis, the highest titers 
been obtained in the cultures containing only 0 1 per cent glucose The pH 


Among the other constituents of the medium, sodium chJonde was found to 
be most effective m 1 per cent concentration Peptone proved to be a better 
mtrogen source than tiyptone, tryptose, or proteose Meat extract exerted but 



D^S C” J>Si;3A''I0’J 


Fig 1 Infliience op Diffebent Concenthations of Glucose upo Cua-iGe^ i > 
Reaction and Pboductiov of SxBEPTOJiyciN bt S bikimensis in Submerged 

Culture 


httle effect upon the production of the antibiotic This vas particularly 
pnsmg, smce meat extract or its equivalent, such as com steep or soybean meal, 
IS usuaUy required for the production of streptomycm by S gnseus, altiiou^li 
synthetic media were recently found to give good yields of this antibiotic fbc 
addition of FeSOj to the medium had no effect upon the production of strepto- 
mycm, ZnSOj, howex er, m concentrations of 50 mg per hter, produced a irur t 
stimulatmg effect When both ions were used, the presence of iron tended 
neutralize the fax orable effect oi the zme 
Isolation of streptomycin II The antibiotic produced by 6 bihnicno'S •-= 
isolated from the culture medium by the method commonly employed (or t' t. 
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isolation of streptomycin The active mateiial was readily removed from the 
culture filti ate by adsorption on nont A The adsorbate was washed with neutral 
alcohol and treated with acidified ethyl alcohol The alcohohc e\tract was 
filtered, neutralized, and the alcohol driven off by distillation at low tempeiatures 
The lesidue was dried tn vacuo The active material could be precipitated 
directly from the alcoholic solution by the addition of seveial volumes of acetone 
It could also be isolated by various procedures commonly used m the isolation of 
streptomycin, such as the methyl alcohol formic acid method Preparations 


TABLE 3 

intibioliL spectra of streptomycin and streptomycin II* 


TCSTOaCVMSlI 

STREPTOMYCIN 

STREPTOMYCIN II 

Gram-positive bacteria 



B subtilis 

0 3 

0 3 

B mycoides j 

: 0 

1 0 

B megatherium 

1 5 

1 5 

B citculans 

0 3 

0 2 

B cereus 

5 0 

5 0 

S aureus 

5 0 

5 0 

S luiea 

0 1 

0 1 

M lysodeikticus 

1 0 

1 0 

M avium 

0 5 

0 5 

M phlei 

0 05 

0 05 

M tuberculosis 607 

0 3 

0 3 

Gram-negatii e bacteria 



E coll 

1 0 

1 0 

S marcescens 

3 0 

5 0 

S alkalescens 

9 0 

5 0 

S paradysenteriae 

10 0 

10 0 

S dysenteriae 

5 0 

5 0 

A aerogenes 

3 0 

3 0 


* E\piessed as micrograms of streptomycin required to inhibit the growth of the or- 
ganisms in 1 ml of glucose-free nutrient broth 


were thus obtamed that had an activity of 30 to 50 umts per milhgram, compar- 
able to the streptomycm yields obtamed by similar procedures m the early 
studies with S gnseus 

The S biLimensis culture was plated out on smtable media, and mdividual 
colomes were picked and tested Some of the strains thus obtamed were more 
active m producing the antibiotic than was the origmal culture By usmg these 
isolated strams and improvmg the method of extraction, preparations were 
obtained that assayed as high as 158 umts per milhgram against a streptomycm 
standard 

The stieptomycm II preparations were compared to the regular streptomycm 
for their respective antimicrobial properties The results were reported (table 3) 
on the basis of micrograms of streptomycin reqmred to inhibit the growth of the 
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vanous test organisms. The two antibiotic spectra are identical lu the 
case of M tuberculom H37, the amount required for grmvth mhibitiou iiaj 
exactly 2 1 g per ml for both streptomycin and streptomycin II, as determiued b\ 
the turbidimetnc method (Smith, 1947) These findmgs were obtained oa 
several repeated tests The streptomycm-resistant strain of M luherculc'ts 
HSTRv also proved to be resistant to streptomycm II 
In addition to these identical antibactenal spectra, the two preparations 
showed the following similanties m their action upon other organisms (1) 
Both forms of streptomycm were inactive agamst fungi (2) Bacteria made 
resistant to streptomycin were also resistant to streptomycm II (3) Strep 

TABLE 4 


Comparative effects of streptomycin and streptomycin II upon Staphylococcus aun ti 

infection in mice 


SO OF 
-nCE 

PUEFASATION 

UVITS PEH 
MOUSE 

CUITUSE 

DILDTIOV 

VniBES OF JCCZ AI4VX AFTE B D 

1 

1 ' 

1 ^ 

7 

13 

10 

Controls 



10-2 



||||H 

— 

— 

10 

t( 

— 

10-^ 



1 

1 

1 

10 

ft 

j 

10-5 


1 


H 

B 

10 

Streptomycin 

5 

10-5 

1 

1 

1 

■ 

B 

10 

ft 

10 

ff 

3 

3 


B 

B 

10 

ft 

25 

“ 

9 

G 


B 

B 

10 

(f 

50 

ft 

10 

10 


10 

10 

10 

ft 

100 

ff 

10 

10 


10 


10 

Streptomycin II 

5 

ff 

1 

1 

1 

1 

1 

10 

ft ft 


ff 

3 

2 

2 

2 

- 

10 

ff ft 

25 

ff 

9 

6 

G 

G 

0 

10 

ft ft 

50 

ff 

10 

10 

10 

10 

10 

10 

ft ft 

100 

ft 

10 

10 

10 

10 

10 













Culture, .S' aureus SM in 4 per cent mucin, mode of drug administration, subciit itiLoi-s 
duration of therapy, single dose immediately after infection 


tomycm II was mactivated by cysteme, m a manner sunilar to the mactnatiun 
of streptomycm (4) Both forms of streptomycin gave the same type of rcduci.' 
activity m the presence of glucose (5) Both preparations were ecjuall> 
tive to mcreased acidity of the medium , 

Toxicity and in viio activity of streptomycin II Preliminary toxicit} . i 
streptomycm II, usmg chick embryos, demonstrated that this preparation it-u 
giv en m large doses— more than 1,200 umts per embrj o— could be admme^tert. 
with 100 per cent survival 

Samples of the preparation were submitted to the Merck Institute lor 
tailed in iiio studies The results obtained by them emphasized lurther^^ 
remarkable identity m the behanor of streptomycm II with streptono'- 
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By courtesy of the Institute, the lesults of a typical expeiunent aie leported 
in table 4 Similai effects weie obtained when both pieparations weie used 
against Salmonella schottmullei i in mice 

These lesults thus piove defimtely that S bikimensis, an oigamsm that belongs 
to the actinomycetes and that was isolated fiom a Bikim soil, an oiganism 
distinct, both moiphologically and cultuially, fiom S gnseus, pioduces an 
antibiotic that is similai to, if not identical with, stieptomycin Streptomycin 
II and streptomycm exliibit comparable antibiotic spectia, similarity in physical 
and chemical piopeities, and low toxicity to animals Until the new antibiotic 
has been ciystalhzed and its clinical activity deteimined, its absolute identity 
with streptomj'’cin cannot be established In view of this, as well as of the 
mmor quantitative diffeiences m the lespective antibiotic spectia, and especially 
of diffeiences m the natuie of the oiganisms pioducmg the two antibiotics, the 
designation of the newly isolated antibiotic as streptomycm II, namely a stiepto- 
mycmhke substance, may still be pieseived 

Descnplion of Sli eptoniyces biktmensis 

Morphology On glucose aspaiagme agai, the aeiial mycelium aiises fiom ' 
the agai suiface m the foim of single hyphae that subsequently branch heteio- 
geneously As spoiulation develops, these blanched myceha beai stiaight 
chains of oval conidia No tendency to foim spuals w'as noted (figuie 2) 

Synthetic agai (Czapek’s) Giowth is luxunant, ivhite, becoming palhd 
neutial giay (Rdg’’ LIIING-f) with white tinge Aeiial mycelium and spoies 
foimed abundantly Supeificial dioplets, ambei-coloied Soluble pigment, 
Jight blown 

Glucose aspaiagme agai Giowdh luxunant with good aeiial mycelium and 
spoies w'hite, becoming light mouse-giay (Rdg LI 15 " ' " Y-O-b) ^Vhlte 
aiea m centei of slant base lemams foi about a week, and w^hite fimge lemains 
for a longei peiiod Supeificial dioplets, coloi less Soluble pigment, veiy light 
arabei to no pigment at all 

Vutiient agai Giow'th luxunant with modeiate aeiial mycehum Coloi 
lemains w'hite mth scanty spoiulation Supeificial dioplets, none Soluble 
pigment, deep biowm 

Nutrient agar plus glucose Giowth similai to that on nutiient agai, but giay 
coloi and spoies finally pi oduced Superficial dioplets, ambei -coloi ed Soluble 
pigment, deep biowm, darkei than that m nutnent agai 

Potato plug Giowth laised and ivnnkled, color, pale ochraceous-buff (Rdg 
15'f), localized and not spieadmg Plug, daik biowm, local area adjacent to 
grow'th, almost black 

Gelatin Liquefaction slight, 1 cm pei week at 37 C 

Nutrient bioth Grow'th abundant, complete w'hite suiface pellicle foimed 
Supeificial dioplets, none Soluble pigment, deep biowm 


’Rdg = R Ridgway, Color standards and color nomenclature Washington, D C , 1912 
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Nutrient broth plus glucose Gi o\\ th abundant, complete hite surf ice pelhcle 
formed Aenal mycebum becomes gray m patches Supeificnl droplets, 
amber-colored Soluble pigment, deep broii n 
Mtlfo Reaction distinctly alkaline Coagulation, none Hycbolysis tikca 
place in 5 days at 28 C Gi on th patchy, suif ice gi on th of n lute aei lal mj celiuiii 
becoming gray with spouilation 

Starch Growth abundant, nlnte aeiial mj’-cehum becommg gra}" nith spor- 
ulation Hydrolysis slight, obseivable after 3 daj's at 28 C 
Habitat Organisms isolated fiom a soil obtained fiom the island of Bikini, 
Bikini Atoll, m the northein j\Iai shall Islands, dm mg the Bikini bomb e\per- 
unents in July, 1946 Soil pH 9 0 



Fig 2 SpOKULATION of STREITOJUCLb BIKIMtSblS 

Comparison to Related Species 

The foUowmg discussion of related species of the genus Slreptouvjccs is h.iscd 
upon a comparison with the earlier work carried out in this liboritor} on soil 
actmomycetes (Waksman, 1919) 

S bikimensis is similar to Slreptomyces aureus in some of its cultur d proper 
ties, both produce a gray-colored aerial mycelium on some of the mcdii 
other media, hon ever, ei en this property is different S aureiu, produces i u lute 
mycelium on nutrient agar and a cream colored mycelium on glucose coat iin- 
mg agar, nhereas the corresponding pigmentation of the m 3 cclium of ,S bd tni 
eiisis IS white and graj The sporulation of S aureus takes place in the lorni oi 
spirals m Its aerial mjcelmm, whereas 5 6i/ uiic/ibiws complete^ dcioidol bpir.B 
m its mycelium on all the media tested, as show n m figure 2 
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Sli cptomyces olivoclu omogenus possesses cultural chaiactenstics that aie sunilar 
to those of the new cultuie, with tlie evception of its giowth on potato plug 
S olivochi omogenus also produces closed spnals, wheieas ;Si biLimensis does not 

S biLiniensts lesembles Sh eplomyces no 145 of Waksman (1919) in that it is 
devoid of spnals and pioduces giay aeiial mycelium on glucose-aspaiagme agar 
The latter organism, however, pioduces gray aerial mycelium and forms no 
soluble brown pigment on nutrient agar, both of which are contrary to the char- 
acteristic properties of <S biLimensis 

S biLimensis resembles most closely SUeptomyees gnseolus Waksman Both 
cultures are similar culturally and morphologically, as showm bj’’ a lack of spnal 
formation The only difference betw'een the two cultures was noted m their 
giowth on potato plug S gnseolus ovei glows the plug and pioduces greenish 
aerial mj''cehum w'heieas S biLimensis is limited to localized nonspreadmg 
giowth on the plug, the color of the giowth lemammg buff In addition, the 
pigmentation of the two cultures on nutrient agai is different, there are also 
differences in the nature of their grow th on glucose asparagme agai , as shown by 
the follow mg summary 


ORGANISM 1 

GLUCOSE ASrARAGlNE AGAR 

POTATO PLUG 

S biLimensis 

Surface giowth velvety, white bor 
der, gray aerial mycelium with 
colorless droplets of water on sur 
face Vegetativemjcelium white 

Buff to gray colored grow th, 
not spreading Plug pig- 
mented black 

S gnseolus 

Surface grow th thin, dry, gray aerial 
mycelium with no water droplets 
Vegetative mycelium dark in color 

Raised growth, buff to gray 
in color, spreads over 
w hole surface of plug 
Plug not pigmented 


Because of these cultural differences, because of the specific natme of the 
substrate from which the organism was isolated and especially because of the 
specific physiological properties of the orgamsm pioducmg streptomycin the 
authors felt justified in designatmg this organism as a new species, under the 
name of Streptomyees biLimensis 


SUMMARY 

A culture of an actmomycete was isolated from a B ikini soil This culture 
gioivn m an artificial medium, namely, in meat-e\tiact-peptone-glucose broth, 
produced an antibiotic substance that appealed to be identical with strepto- 
myem The identity has been established by simdai antimicrobial spectra, 
similar action upon resistant stiams of bacteria, similar reactivity wnth vanous 
chemical reagents, and similar effects upon e\peiimental animals The new 
streptomycin preparation, however, has not been purified chemically and, as long 
as its chemical identity wnth streptomycin has not been established, it has been 
tentatively designated as streptomycm II, a stieptomycmlike antibiotic 

A study of the specific nature of the organism producing streptomycin II 
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showed it to be markedly different from Slreptomyces griseus m its morphological 
and cultural characteristics It is somewhat sunilar to Slreptomyces aureus, to 
Slreptomyces ohvochromogenus, and especially to Slreptomyces gnseolus How- 
ever, It is not identical wuth any one of them Because of this, because of the 
specific substrate from w^hich it was isolated, and because of characteristic 
physiological properties that result m the production of streptomycin, it is 
described as a new species, Slreptomyces bikimerisis 
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In the red bread mold Neurospora crassa as in other pyrenomycetes the sexual 
spores, the ascospores, germinate only after the apphcation of heat (Shear and 
Dodge, 1927, Goddard, 1935, 1938, 1939) When treated at a temperature of 
from 50 to 60 C for periods vaiymg from 10 to 60 minutes the spores will ger- 
mmate up to 100 per cent Gennmation may occur without this treatment, the 
percentage dependmg on the condition of the spores and on the medium used 
The spontaneous gennmation rate is usually higher on media fortified with malt 
and yeast extracts, hay infusion, etc , and may occasionally go as high as for 
treated spores 

Recently, while a synthetic minimal medium was bemg used m which d-xylose 
was the carbon source, a consistently high percentage of spontaneous gennmation 
was observed A number of experiments were then conducted m an attempt to 
determine the active agent mvolved From these it appeared that xylose was 
much more effective after bemg autoclaved than after bemg filter stenhzed 
On the assumption that in the mineral solution (Fries no 3, havmg a pH of 5 5) 
used m the medium and under the pressure and temperature of autoclavmg there 
might be a slight conversion of the pentose into furfural (C4H3OCHO), the latter 
was tried alone and proved very effective 

MATERIALS AOT> METHODS 

The ascospores used m the germmation tests were'" obtamed from repeated 
crosses of wild-type strams E-5256A and E-5297a unless otherwise mdicated 
They were collected m small lots, as they were needed, from the tops of petn 
dishes m which the crosses had been made, usually from 1 to 4 weeks from the 
time the perithecia started to shed For germmation counts the spores were 
mdividually transferred to small blocks of 4 per cent agar m distilled water, 
flooded with 1 5 per cent sodium hypochlorite solution (“purex”)) allowed to 
stand for a short tune until most of the “purex” had dramed off, and then trans- 
ferred to petri dishes contammg the medium to be tested The hypochlorite is 
used to kill any conidia chngmg to the ascospores, smce comdial germmation 
might obscure that of the ascospores Media used m germmation tests con- 
sisted of 1 5 per cent agar, 2 per cent sucrose. Fries no 3, and biotm, plus the 
substance to be tested, which for the sake of uniformity was added after the rest 
had been autoclaved Experience showed that heat sterihzation did not ap- 
preciably affect the activity of furfural Controls on the same medium without 
the added substance were used to measure the germmation percentages of each 

1 This represents work supported in part by a grant from the Rockefeller Foundation 
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lot of spores before and after heat activation In some cases the chemiciUv 
treated spores were heat treated, after bemg counted, to see whether further 
germmation would occur 


TABLE 1 


Effect of fuTfural concentTotiOTi on spontaneous geTminaiion of ascospores 


f UJU'UAAL 
CONCENTRATIOV 

SPORES 

TESTED 

CERinNATlOS WITHOUT 
HEAT 

FURTHER 
CERUUiA 
TIOS OS 
HEAT 

TREATJIEN] 

TOTAL CERMISATIO'I 

r 

CTIULNATIO 

uiinocT 

AS PElCISnCI 

orioru 

CCRM1SAIZ3 


■■ 

no 

% 


no 

% 


0 


1 

2 5 

37 

38 

95 0 

2 t) 

1/1,000 

■a 

38* 

95 0 





1/10,000 

40 

38 

95 0 





0 

40 

0 

■I 

39 

39 

97 5 

0 

1/500,000 

80 

73 






1/5,000,000 

80 

12 


66 

78 

98 7 


1/50,000,000 

SO 

0 

m 


77 

96 2 

hqi 

1/500,000 

100 

90 

90 0 

4 

94 

94 0 


1/1,000,000 

100 

85 

85 0 

13 

98 

98 0 


1/2,000,000 

100 

94 

94 0 

4 

98 

98 0 


1/4,000,000 

100 

96 

96 0 

2 

98 

98 0 


0 

WM 

n 

0 

54 

54 

HEI 

0 

1/500,000 


KM 

92 4 

0 

145 

m 

100 

0 

220 


0 9 

182 

184 

S3 6 

1 1 

1/500,000 

139 

B 

97 8 





1/500,000 

100 

92 






1/1,000,000 

100 

93 






1/2,000,000 

100 

87 






1/4,000,000 

100 

40 

40 





1/8,000,000 

100 

31 

31 





1/16,000,000 

100 

24 

24 






0 

320 

62 

19 4 

247 

309 

90 0 

20 1 

1/10,000 

210 

206 

98 1 





1/100,000 

ISS 

ISa 

97 9 




^ — 

0 


1 

0 0 

173 

174 

CO 7 { 

0 0 

1/250,000 


193 

94 6 

7 




0 

106 

11 

10 4 

82 

93 

S7 7 

11 5 

1/500,000 

100 

100 

100 




ilo 


* Germination indicated bi germinal budo onh \l concentratioiu 
1/40,000 lurfural is increasinglj poi=onous to m>ctlial gro uh, at 1, I 000 ^ru i n t 
pletel> inhibited 
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RESULTS 

Data from a senes of typical experiments aie summarized m table 1 A 
number of trials show that the same degree of activation is brought about by 
allowmg spores to stand from 10 to 15 minutes in a solution of furfural m dis- 
tilled water, as when a solid medium is used As can be seen from the table, the 
germination rate remams consistently high up to dilutions of 1/1,000,000 or 
more and is m most cases very close to that of the heat-treated spores With 

TABLE 2 


Effect of degree of maturity of spores upon response to furfural 


csoss 

T\PE AND NUilBEB OP SPOBES 

UEDIOU 

GERinNATION 
WIISODT HEAT 

FUBTHER 
GERIIINA 
TION ON 
HEAT 

TREATUENT , 

TOTADAS 
PER CENT 




no 

% 



Abb-4A 

135 shed spores 

1/100,000 

122 

90 4 





furfural 





and 








8 asci 

1/100,000 

6 

10 2 



E-5297a 

(59 spores) 

furfural 





Abb-4A 

145 shed spores 

1/100,000 

115 

79 3 


i 

and 


furfural 





2oa 

6 asci 

1/100,000 

5 

11 9 




(42 spores) 

furfural 





Abb-4A 

SO shed spores 

1/100,000 

44 

88 0 

3 

94 0 

and 


furfural 





E 5297a 

9 asci 

1/100,000 

16 

24 6 

39 

84 6 


(65 spores) 

furfural 





E 5256A 

96 shed spores 

Minimal 

9 

9 4 

71 

83 3 


106 shed spores 

1/500,000 

92 

86 9 


93 2 

and 


furfural 





E 5297a 

12 asci 

1/500,000 

25 

28 4 


83 0 


(88 spores) 

furfural 






greater dilutions the rate drops fairly fast, and there is greater variation between 
spore lots The latter may be due partially to age differences, smce the age or 
npeness of spores is of more critical importance m chemical than m heat acti- 
vation This IS most noticeable m the case of spores dissected from asci Table 
2 gives a comparison m several crosses of the difference m gennmation rate on 
furfural between spores already shed and those from npe asci (as judged by the 
color of the spores and the fragility of the ascal sac) There would be veiy httle 
or no difference if the two sets were activated by heat 
Goddard has shown that m Neurospora ietrasperma heat activation of asco- 
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spores IS reversible This does not seem to be true of chemical actuation b\ 
furfural Neither furfural activation nor heat activation is sensitu e to cvanide 
(m/1,000 or m/500), but the respiration of the activated spore is, and prolonged 
immersion m cyanide not only inhibits nearly all groivth but reverses the acti- 
vation process The ongmaUy heat-activated spores can be again actuated b\ 
further heatmg, and this cycle can be repeated as desued On the other hand, 
spores that have once been activated by furfural and then mduqed to return to 
dormancy by the cyamde treatment become refractoiy to further furfural treat 
ment but remam sensitive to heat activation In one evpenment spores that 
had been returned to dormancy after heat treatment u ere reactivated b> fur 
fural, but this could not be repeated m two other tnals 

Other furan derivatives and other aldehydes are bemg tested for actuiti 
Of the substances m the first group so far tested (furan, furfuryl alcohol, furoic 
acid, furoamide, furom, j3-furfural dioxime) only furfuryl alcohol was actue 
When used immediately after purification, it seems to be about 75 per cent as 
effective as furfural On standmg, a considerable portion is converted to the 
aldehyde and the test loses meanmg 

No defimte report can yet be made on other aldehydes except to say that the 
one that might most easily be expected to be the naturally occurring agent, 
acetaldehyde, has been entirely negative m every test conducted so far Nor 
has it been possible to demonstrate the presence of furfural during heat acti 
vation, though chemical tests are sensitive for concentrations as low as 1 part m 
5 to 10 milli on 

It must remam an open question whether furfural is a natural agent in inducing 
ascospore germination The environments m which Neurospora is usually found 
might easily have traces of furfural, and possible precursors of furfural are 
doubtless present withm the ascospores, but there is no direct evudence that 
either plays a role m ascospore germination in nature 

SUMMARY 

Furfural is shown to be an effective chemical agent for activating the dormant 
ascospores of Neurospora crassa The germination rate of chemically activate 
spores approximates that brought about by heat treatment up to dilutions ol 
1/1,000,000, with greater dilutions the rate drops sharply, but variably Ihe 
high germination rates apply only to spores already shed, those dissected from 
asci are recalcitrant to chemical activ ation 
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The requirement of CO 2 for vegetative cell development of bacteria is common 
knowledge and needs no review here, but scarcely anythmg is known of the 
relation of CO 2 to the process of bacterial spore germmation as distmct from 
subsequent vegetative development One might consider the latter m the 
sense of transition from heat-stable to heat-labile form (W 3 Tine and Foster, 
1948a) Relevant is the mcidental observation that spores of one out of three 
strains of Clostridium botuhnum failed to produce colomes m 72 hours when 
mcubated m a vacuum (Morrison and Rettger, 1930) 

It IS rather common to discover that special efforts to elimmate CO 2 from the 
culture system, and to mmmuze the formation of CO 2 by the cells m the moculum 
by supplymg a low nutrition level medium, result m a retardation of growth that 
may extend indefimtely 

Our study of factors detemunant m the germmation process itself (as distmct 
from subsequent vegetative development) of Clostridium botuhnum, begun m two 
previous papers (Wynne and Foster, 1948o, b), has mcluded exammation of the 
CO 2 effect This stems from the finding that anaerobiosis secured by alkahne 
pyrogaJlol seems to delay germination of botulmum spores Background m- 
formation and general methodology are covered in the first of these papers and 
need not be reiterated here To secure anaerobic conditions free of CO 2 , vacuum 
desiccators containmg the culture tubes were evacuated with a Cenco Hyvac 
pump for 30 to 60 minutes and refilled with natural (illuminatmg) gas (CIL) 
cleansed of CO 2 by slow passage through a gas-washmg tram consistmg of three 
bottles of NaOH and one of n/10 Ba(OH )2 The latter was second last m the 
chain, functionmg as a CO 2 indicator As an added precaution normal NaOH 
was always placed in the bottom of the desiccator Where a CO 2 atmosphere was 
requued, it was added from a cylinder or generated m the desiccator by mrxmg 
excess acid with the calculated amount of sohd NaHCOa Unless otherwise speci- 
fied germmation always took place m Difco bram-heart infusion broth with BBL 
thioglycolate supplement, and always the moculum was about 500 spores per 
ml of medium Table 1 compares the spore genmnation m atmospheres con- 

1 This project has been undertaken in co operation with the Committee on Food Re- 
search of the Quartermaster Pood and Container Institute for the Armed Forces The 
opinions or conclusions contained in this report are those of the authors They are not to 
be construed as necessarily reflecting the views or having the endorsement of the War De- 
partment 
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taming 0, 1, and 5 per cent CO 2 The CO 2 effect is staking Germination is 
neghgible in the absence of CO 2 , whereas almost all the spores germinated m the 
presence of CO 2 , the higher CO 2 tension being somewhat better The difference 
between the two CO 2 treatments actually was greater than it appears, turbidity 
developed in 15 hours in the 5 per cent CO 2 desiccator and in 19 hours m 1 per 
cent CO 2 No turbidity appeared m the zero CO 2 control at 22 hours, the ter- 
mination of the experiment 

However, a CO 2 effect could not be obtamed for four other species of anaerobic 
sporeformers tested similarly Clostndium chauva, Clostridium liistolylicum, 
Clostridium perfnngens, and the well-known food spoilage organism designated 
as putrefactive no 3679 This was true even at pH 6 0, which was chosen to 
reduce the solubility of CO 2 m the medium and which was the lowest pH sup- 
portmg germmation of these anaerobes Thus under identical conditions ger- 
mination of C botuhnum spores is inhibited by lack of CO 2 , and germination of 


T4BLE 1 


Effect of COi concentration on germination 


INCT7BATION 

COa lENSIOK 

SZSIOUAL SFOBES 

GERlimATED SPOSES 

CERUINATIOH 

hr 

% 



1 

0 

— 

560 

— 1 


22 

0 

520 


7 

22 

1 

90 

470 

84 

22 

5 

18 

540 

97 


the other four anaerobes is not A possible interpretation of this is given in the 
discussion below 

The C botuhnum experiment described above (see also table 1) demonstrates 
only a rate effect under the conchtions used, for whereas only 7 per cent ger- 
mmation occurred m the C02-free control at the 22-hour penod, prolongation of 
mcubation always resulted m high germmation and pronounced turbidity 
Failure to demonstrate an absolute CO 2 effect m brain-heart medium, even with 
several pamstakmg experiments mvolvmg modification of pH, exhaustive pump- 
ing, omission of the coUoidal agar of the anaerobic supplement, continuous gas- 
smg with N 2 , etc , was considered on two counts to be probably tied up with the 
complex nature of the bram-heart medium (1) The CO 2 effect can be accent- 
uated by ehmmatmg complex media m favor of synthetic (Gladstone, Fildes, 
and Richardson, 1935) or by employmg complex media at a minimal nutntiona 
concentration, 1 e , with respect to carbohydrate and protem content (Rockwe 
and Highberger, 1926, 1927) The first count may be considered to anticipate 
the issue of the second (2) CO 2 should be dispensable so long as certain organic 
substances are present m whose s 3 mthesis CO 2 participates The presence 0 
such substances is hkely in complex media of biological origm, and in such me la, 
therefore, the need for CO 2 should be obviated While our attack on these lines 
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was undei way other repoits appeared that confirm the logic of this appioach 
(C 4 dicarboxyhc acids, Ajl, White, and Workman, 1947, aspartic acid. Lardy 
et al , 1947, Lardy, 1947) 

A synthetic medium similar to that devised by Roessler^ (1946) for the growth 
of C bolulmum was used as a startmg point, but with only one-tenth the regular 
concentration of amino acids (Results were similar, however, with the full 
medium, which contained 1 per cent ammo acids ) This medium supported 
abundant vegetative development of our stram of C botuhnum, and spore ger- 
mination was much slower than in complex media, seemmgly opening an ap- 
proach to factors essential for germmation, mcludmg those involvmg CO 2 and 
those not For good anaerobic growth it was expeditious to add 0 2 per cent 
glucose to the synthetic media, as germination is neghgible in its absence 

With an moculum of around 500 spores per ml, clear-cut turbidity developed 
in the presence of CO 2 at about 72 hours, but counts at 87 hours showed that 


TABLE 2 

Quantitative indefinite inhibition of germination of C botuhnum spores due to the absence of 

COi 


COj IN ATUOSPBERE 

INCCBATION 1 

AVG COUNT lESlDUAL 

SPOE£S 1 

1 

GEBAOKATED 1 

SPOBXS 1 

CEEIONATION 

% 

days 



% 

— 

1 

560 

— 

— 

0 

17 

500 

60 

11 

1 

5 

220 

340 

61 


* Counts corrected for volume loss of 9 per cent during prolonged incubation over NaOH 
No turbidity developed in any of the tubes in this senes 


only about 15 per cent of the spores had germinated In subsequent work a 
5-day mcubation period was employed for positive CO 2 controls, for m this time 
germmation counts were well over 50 per cent In such a medium it is possible 
to approach an absolute CO 2 requirement for germmation Thus m an exper- 
iment m which the positive (1 pei cent) CO 2 control showed 61 per cent germi- 
nation m 5 days, the COo-free treatment showed only 11 per cent gernunation and 
no tmbidity even after 17 days (table 2) Indeed, the figure of 11 per cent may 
not be significant at all owing to the fact that the spoie-countmg method has an 
over-aU accuracy of ± 9 per cent and occasionally has spread wider than this 
(Wynne and Foster, 1948a) Under these conditions clear-cut turbidity always 

* This medium had the following composition dWeucine, 0 0083 m, df-phenylalanine, 
0 0132 M, f-argimne, 0 0065 m, df-valme, 0 0083 m, dl isoleucme, 0 004 m, I tryptophane, 
0 11 M, I tyrosine, 0 0003 M, dl methionine, 0 002 ii, dl-threomne, 0 0067 si, dl serine, 0 01 si, 
f-histidine, 0 0013 si, biotin, 5 m/ig per ml, PABA, 0 02 /ig per ml, nicotinamide, 1 pz Per ml, 
thiamine, 0 2pz per ml, yeast nucleic acid, 0 01 per cent, Na thioglycolate, 0 05 per cent, 
MgS04, 0 0002 SI, MnSO„ 0 0001 si, CaCL, 0 0001 si, FeSOi, 0 00005 si, K HPO,, 0 015 si, 
ICHjPOi, 0 015 SI 













334 


E STATEN WYNNE AJID JACKSON W FOSTER 


[vOL 55 


foUows gcrmmatwn mthin a few hours Thus probabjy uo gemmlm at all 

occurred m the COrfree tube, the 11 per cent value doubtless being an evper- 
imental counting error 

It seems safe, therefore, to conclude that CO 2 is absolutely essential for spore 
genmnation of C botuhnum in a medium otherwise adequate for that process 
This apparently is the first demonstration of CO 2 requirement specifically for the 
germmation process, and apart from subsequent vegetative development 


TABLE 3 

Efect of oxalacelale on germination in CO.-free gas phase 


E\penment A 


rSCUBATlOV 

C 02 DJ 

ATMOSPHZaZ 

OAA lO-*!! 

EXHADSTIOV 

P£&10D 

AVG COUNT 
BBSIDUAL 

spoa£s 

CEBinNATED 

SP02£S 

CEULSATION 

hr 

% 


mtnutes 



7o 

0 

— 

— 


535 

i 

I 

20 

0 

— 


' 460 

75 

14 

20 

1 

— 


340 

195 

CO 

20 

0 



74 

460 

86 


Evpenment B 


® 1 






520 



_ 

23 ! 

0 

0 

30 

470 

50 

10 

23 

0 

+ 

30 

35 

4S5 

93 

23 

0 

+ 

270 

65 

455 

ss 

23 

1 

0 

30 

21 

500 

96 


BY-PASSING CARBON DIOXIDE 

Oxalacettc acid Along the Imes discussed under count (2) above, the C 4 
dicarbovyhc acids were tested for their abihty to permit germination m the ab- 
sence of CO 2 , as the umversahty of the Wood-Werkman reaction via pyruvate 
fixation of CO 2 mdicates the likelihood of their bemg mvolved here The pn- 
mary fixation product, oxalacetic acid (OAA), is generally m biological equihb- 
num with mahc, fumaric, and succimc acids, all vital catalysts or intermediates 
m cells OAA m bram-heart media defimtely promotes the germination rate of 
spores m the absence of gaseous CO 2 (table 3) and apparently by-passea 
CO 2 Experiment A m table 3 shows that the OAA mduced spore germination 
at a rate appreciably faster than a 1 per cent CO 2 gas tension, and m experiment 
B it was equal to the CO 2 m promoting germmation The chances are that 
would have mduced faster genmnation in experiment B also had the counts been 
made at a shorter mcubation penod 

The OAA effect might, to a certam extent, be ascnbed to CO 2 resulting from 
the spontaneous decomposition of OAA to CO 2 and pyruvic acid (Krampitz an 
Werkman, 1941, Krebs, 1942) OAA m solution at 37 C has a very short haU- 
life and its decomposition is catalyzed by ammo groups and by traces of cationic 
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metals However, since OAA gives a germmation rate exceedmg that of CO3, 
the effect seemmgly is due to the OAA per se, though COj may contribute to the 
rate partially Gernunation by OAA n as not retarded when the medium was 
contmuously exhausted with a Hyx'ac pump for 4 5 hours after OAA addition, 
the idea bemg to remove qmckly any CO 2 generated from OAA (exp B , table 
3) As no lessemng of the OAA effect bj"" this contmuous CO 2 removal was ob- 
served, the probabihty of a direct OAA participation seems good 

Maybe a brief contact with CO 2 , such as v ould occur m the pumpmg exper- 
iment mentioned above, nould suffice for germination, but other experiments 
showed that contact v ith a 1 per cent CO. atmosphere for the imtial 4 hours, 
followed by removal (“hyvac”) and replacement with C02-free gas had an m- 
significant effect on germmation 

Stable Ci dicarboxyhc acids A mixture of Z-mahc, fumanc, and succimc 
acids (Na salts), each at a concentration of 3 3 X 10"^ m, was shonm repeatedly to 
have a defimte acceleration on germmation rate in the absence of CO 2 These 
acids were not as effective as COa (or OAA) m promotmg germmation The 
efficacy of these acids m promotmg spore germmation was roughly about one- 
third that of a 1 per cent CO 2 gas phase The mabihty of the acids to substitute 
fully for OAA has been encountered prenously (Shi\ e and Rogers, 1947, and 
others) and probably relates to membrane penetration at pH values m physio- 
logical range, in which these acids are almost 100 per cent dissociated It will be 
recalled that OAA itself does not penetrate unaltered cells of Micrococcus lyso- 
deikiicus (Krampitz and Werkman, 1941), and several other examples could be 
given If these acids diffuse m the molecular (undissociated) form as do the free 
acids, it would be expected that diffusion would be greatest at pH 3 to 4, as the 
acids are almost entirely m molecular form m this range as contrasted to a negh- 
gible percentage at pH 6 or above It was not possible to test this with C 
botulinum, as germmation is inhibited at pH values below 6 It will be recalled 
that A]l, White, and Werkman (1947) found that the Ca dicarboxyhc acids or 
their respiratory precursors by-passed the CO 2 requirements for cohform bac- 
teria 

The specificity of the effect for the C 4 dicarboxiffic acids on botuhnum germi- 
nation IS exemplified by the fact that no demonstrable action was given by a- 
ketoglutarate, glutarate, valerate, butjwate, propionate, lactate, or pyruvate 
On the other hand, a stnkmg stimulation m vegetative development was m- 
duced by all these acids (except pyruvnc) at 10“^ ii So marked was this that 
cultures with well-advanced turbidities showed surpnsmgly small germmation 
percentages This is a fine example of the fallacy of judgmg gernunation rates 
by the mtensity of vegetativ e turbidity 

Aspartic acid As OAA is converted to aspartic acid by transammation, one 
might expect that this ammo acid also would bj -pass the C 02 requirement, the 
latter participatmg in the sjmthesis of aspartate This has mdeed been demon- 
strated for Lactobacillus arabinosis (Lardy et al , 1947, Lardy, 1947), m which 
case aspartate is apparently the onlj’' constituent of cell matenal m thes 3 Tithesis 
of which CO 2 participates, excepting perhaps for relativelj’’ insignificant amounts 
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of Other components Tbs was proved by isotopic CO 2 , substantiaUy the entire 
content of the labeled C in the cells being in the carboxyl groups of the cellular 
aspartate It is likely that the other C 4 dicarboxyhc acids are converted to 
aspartate via OAA 

The germination tests were conducted m Roessler's synthetic medium 
(1/10 strength ammo acids) which, as a basal medium, lacked NaHCO,, biota, 
and aspartic acid Prehmmary expenments mdicated that neither biotm + 
aspartate nor sodium oleate + aspartate could by-pass CO 2 (Oleate was tested 
because of its known biotm-sparmg action ) Mixtures of biotin (5 m/ig per ml), 
aspartate (10~^ m or 10“^ 11 ), and oleate (1, 10, or 100 mpg per ml) were also tested, 
but germmation was insi^uficant m the absence of CO 2 after 14 days' mcuba 

TABLE 4 


Effect oj complex supplements on germinatxon 


DvCUBAUO'J 

1% COi 

SUPPtEifEVr ADDED 

AVC COUNT 
RESIDUAL 
SPO^S 

GEUCKATED 

SPOiES 

CEBiOKAXlOS 

dais 





% 

0 



450 



1 

+ 

1 % yeast extract 

15 

43S 

37 

1 

-f- 

1% liver extract 

230 

220 

43 

1 

+ 

1% brain heart 

35 

415 

92 

2 

- 

1% yeast extract 

45 

405 

1 90 

2 

— 

0 1% yeast extract 

120 

1 330 

1 73 

2 

— 

1% liver extract* 

I 385 

‘ 65 

14 

2 

_ 

1% brain heart* 

50 

400 

89 

5 

' “h 

hTone 

160 

290 

64 

15 

— 

None 

425 

25 

5 

15 

— 

1% liver extractf 

475 

0 

0 

15 

— 

0 1% hver extract 

475 

0 

0 

15 

— 

1% brain heartf 

430 

20 

4 

15 

— 

0 1% brain heart 

410 

40 

9 


* One out of three tubes, of which f represents remaining two 


tion The control medium m the presence of CO 2 showed 50 per cent germi 
nation at 7 days 

Fmally, the followmg known or suspected by-passmg substances and availab e 
participants m the tncarboxyhc acid respiratory system were tested in combi 
nation, all at basal synthetic medium, m the presence and in the absence 

of CO 2 aspartate, malate, fumarate, succmate, a-ketoglutarate, glutamic aci , 
glutarate, and cis-acomtate These were entirely unsuccessful m by-pa^jns 
CO 2 When COi was present, the germmation rate was unaffected m t is 
mechum, a fact indicatmg no toxicity caused by the supplements 

Complex supplements Also, the followmg complex organic supplements were 
tested m tnphcate tubes at 0 1 and 1 0 per cent levels m the basal synthetic 
medium, agam m the absence and m the presence of CO 2 brain-heart infusion, 
hver extract,^ yeast extract, ail Difco The C02-free veast and liver trea 

» Extract of 0 1 and 1 0 ner cent dned liver 
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ments were incubated m one desiccator, the COa-free brain-heart in another, and 
the COa-free synthetic medium m another Withm 40 hours m the absence of 
COa all the yeast tubes, a smgle 1 per cent hver tube, and a smgle 1 per cent 
brain-heart tube developed marked turbidity To avoid contammatmg the 
other tubes 'mth fermentation COa, these turbid tubes were removed, pasteur- 
ized, and held for spore counts All the tubes of synthetic medium m COa 
showed turbidity at 3 to 4 days and were removed for countmg on the fifth day 
The COrfree synthetic medium showed no turbidity even after 15 days, the 
termination of the experiment, and the remaining hver and bram-heart tubes m 
COa-free atmosphere behaved similarly Residual spore counts for this exper- 
iment are m table 4 

It IS clear that yeast contains COa by-passmg factor (s) that are not identical 
with the supplements added to the basal medium, because COa was necessary 
for germmation m the latter treatment but not m the yeast Yeast apparently 
is nchest m the unknown by-passmg factor(s), as the hver and the bram-heart 
were greatly inferior in this respect The rapid growth m the yeast tubes m the 
same desiccator as the negative hver tubes shows that the effect resides specifi- 
cally m then contents of COa by-passmg substances and not m a COa leak or 
other artifact leadmg to the unmtentional presence of COa, for the smallest 
amounts of COa induce rapid germmation in the hver (and bram-heart medium) 
One wiU note that even the amounts of COa generated by the- turbid yeast tubes 
were msufficient to induce significant germmation m bram-heart medium 

AEROBIC SPOREFORMERS 

Some testmg of a survey nature was done with four species of aerobic spore- 
formers Bacillus brevis, Bacillus megatherium. Bacillus mesentencus, and Bacillus 
subtihs Germmation occurred m Difco nutnent broth m shallow layers m 
50-ml Erlenmeyer flasks at room temperature COa-free treatments were con- 
ducted in desiccators with air as the gas phase In no case was it possible to 
retard germmation of these organisms m a COa-free atmosphere Evidently 
this is due to the presence in the nutrient broth of orgamc substances by-passmg 
the COa, although no attempt was made to confirm this with synthetic media 
Interestingly enough, though COa did not enhance the germmation of any of these 
four aerobes, m one, B mesentencus, the stable C 4 dicarboxyhc acids mixture 
(3 3 X 10“'* M each) distmctly accelerated the gennmation Thus m a typical 
experiment with an inoculum of 3,040 spores per ml, 29 per cent germmation 
was obtamed m the COa-free treatment after 25 hours and 74 per cent m the 
C 4 treatment This organism presumably was mefficient m the conversion of 
COa to C 4 dicarboxyhc acids 

The behavior of each of these aerobes m respect to vegetative development m 
relation to COa is m decided contrast to that of the spores, for with each aerobe 
COa mduced a marked acceleration This agam emphasizes the distmction 
between the germmation process and the subsequent vegetative activity of 
sporeformmg bacteria 
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DISCUSSION AND SUMMARY 

The germination process and vegetative cells are not affected alike by COj 
and the C4 dicarboxyhc acids The fact that gerinmation m four out of file 
anaerobes tested failed to respond to CO2, whereas m Clostridium botulinum it 
did, indicates species or strain differences This apphed also to the differences 
described for the four aerobic sporeformers 

A clue to the nature of these effects comes from the fact that m complex media 
(1 e , brain-heart mfusion) CO2 deprivation only slowed down the rate of ger- 
mmation but did not stop it, whereas in a synthetic medium gennmation could 
be entirely suppressed mdefimtely without CO2 Judgmg from the evidence 
available, this could mean that present m complex media are substances as jet 
unkn own that can by-pass CO2 Some such substances are knoivn (see above, 
C4 dicarboxyhc acids and aspartic acid), but these could not substitute for CO2 
in the germmation of C botulinum spores m a synthetic medium that is otherwise 
adequate for germination and growth Does this mean, then, that present in 
complex natural materials are additional new substances capable of by-passing 
the CO2 requirement, m whose sjmthesis CO2 participates when they are not 
supphed artificially to the medium? Seemmgly the positive germmation results 
obtamed m a C02-free system upon addition of small amounts of yeast extract 
to the basal sjmthetic medium speak in this behalf After this work was com- 
pleted, the recent report of Lwoff and Monod ( 1947 ) was received These 
authors, workmg with Escherichia coh, found C4 and C5 dicarboxyhc acids and 
their ammo derivatives to be effective CO2 by-passing agents, but that they 
alone did not suffice, and they came to exactly the same conclusions as those 
given above namely, other essential CO2 by-passmg agents are present m 
complex natural materials 

One may suspect that CO2 is mvolved m the synthesis of biological substances 
other than C4 and Cs acids and the derived aspartic and glutamic acids, and, m- 
deed, at least one other system is already known, viz , carboxylation of a-keto- 
glutaric acid to oxalsuccimc acid (Ochoa, 1945 ) Others are under suspicion, 
and new ones not only are a distinct possibihty but on the basis of the foregoing 
evidenee must exist . 

Variations m response to C4 dicarboxyhc acids mean that these are require 
m different degrees by different orgamsms Thus, the response by C botulinum, 
m the complex medium, to added C4 acids indicates that these were hmitmg or 
near hmitmg m germmation Complete lack of response to CO2 by the other c 03 
tndiamdicates that whatever by-passmg agents (presumably mcluchng theC«ac 
ids) were present they were sufficient to by-pass CO2 entirely Similar 
ences showed up in the aerobes though removal of CO2 did not retard genn^ 'O 
in any of the four species, C4 acids significantly stimulated germination in ac ^ 
mesentencus and were therefore hmitmg even in the presence of COj 
possible that the C4 acids may fully by-pass CO2 m this organism If U aci 
play a role m the by-passmg of CO2 m the other three aerobes, the conccn 
present m nutnent broth must be adequate, though other substances may 
mvolved 
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The main conclusion obtamable from all these observations is that organisms 
differ widely m the extent to which medium components enable them to by-pass 
then’ CO 3 reqmrements and that some hitherto-unrecogmzed CO 2 by-passmg 
substances exist A corollaiy is that a complete diet of orgamc compounds 
rendeis CO 2 dispensable for germmation and imtiation of growth 
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RABBITS 
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The assay of antisyphihtic agents by the determination of their curative dose 
in infected rabbits is a labonous and time-consuming procedure The disap- 
pearance of orgamsms from the primary lesion is an unrehable critenon of cure, 
since the treponemata may reappear days, weeks, or even months after treatment, 
and since a large proportion of the rabbits m which the primary lesion is perma- 
nently healed are nevertheless found to harbor spirochetes m the l 3 Tnph nodes at 
some later date The mjection of a lymph node emulsion mto a normal animal 
may itself be an unreliable index of cure if it is earned out too soon after treat- 
ment, smee the nodes may be only temporarily rid of treponemata Thus, a 
popliteal lymph node may be nonmfectious 6 weeks after treatment, but the 
second node may be infectious if tested 4-6 months later (Eagle, Hogan, and 
Kemp, 1942), nor indeed is there absolute assurance that even after 6 months 
residual organisms have always remultiphed sufficiently to make the lymph 
nodes regularly infectious 

Rake, Dunham, and Donovick (1947) have recently suggested a method of 
evaluating antisyphihtic agents that promises to reduce matenally the time 
necessary for their evaluation In brief, the method is based on the fact (Mag- 
nuson and Eagle, 1945, Eagle, Magnuson, and Fleischman, 1947) that a rela- 
tively min ute amount of treatment suffices to terminate syphilitic infection in 
rabbits if it is admimstered soon after inoculation, and before the appearance of 
the pnmary lesion At least with mapharsen and pemcilhn, asymptomatic in- 
fection under these conditions is so uncommon that it may safely be ignored as 
a compheatmg factor, and doses that prevent the appearance of the pnmary 
lesion usually have actually aborted the infection (Magnuson and Eagle, 1945, 
Eagle, Magnuson, and Fleischman, 1947, and footnote to table 2) The relative 
antisyphihtic activity of a series of compounds can therefore be deter min ed m a 
matter of 2 to 3 months instead of 9 to 12 months A quahfication is, however, 
necessitated by the fact that, since the animals had been treated before the de- 
velopment of lesions, the relative abortive activity of a series of compounds 

* One unit of bacitracin, as defined by Johnson, Anker, and Meleney, is that “amount 
which when dduted 1 1024 in a series of two-fold dilutions in 2 cc of beef infusion broth, 
completely inhibits the growth of a stock strain of Group A hemolytic streptococcus when 
the inoculum used to seed the tubes is 0 1 cc of a 10-® dilution of an overmght culture m 
blood broth ” 
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TABLE 1 

Available information with respect to the relative antisyphihtic activity of penicillins F, G, 
K, and X and of bacitracin ’ ' 


Penicil- 

lin 

F 

G 

K 

X 

Bacitra- 

cinll 


ErFECT OS EEITEE 
STRAIN OF T PAL- 
LIDUU IN VITRO 


EFFECT ON PATHOGENIC T PAIXIDUiJ IN VI\0 





1 


Dosages that abort 

Cone necessary for 
complete inhibition 
of growth (Eagle 
1946 1948) 

Dosages necessary 
to cause disap- 
pearance* * * § of organ 

Dosages that cure established 
infectionf 

infection ifgi\eo 
during incuution 
period 

isms (Turner 
Cumberland, and 

Rake. 

Pres eat 



Li) 



Dunham, 

ments} 






Donovickf 

(see 

table 3) 


mg/kg 

untts/kg 

mg/ig 

untis/Ag 

mg/ 

kg 

«/ 

«l/ 

t: 

u! 

0 025-0 1 micro- 









grama/ml m 

0 63 

1,000 

9 4, 14 

8,500, 12,700 

0 20 


3 5 

53 

individual ev- 

0 11 

183 

0 87, 0 96 

1,450, 1,600 

0 065 


EE 

0 

penments 

>2 

>4,400 

7, >7 

16,000, >16,000 

0 28 

645 

2 6 

60 


1 2 

1,050 

? 

? 

0 19 

173 

2 2 

20 

0 004 umts/ml 


721f 

? 

? 

1 

— 


90 


Relative activity per mg, referred to that of penicillin G as 100 


Pemcil- 

Im 

F 

53 

18 

9 2, 6 2 

31 

8 

G 

100 

100 

100 

100 

100 

K 

76 

<5 5 

8, <8 

23 

11 5 

X 

51 

9 

— 

3i 

14 

Bacitra- 

33 

511 

— 

— 

10 

cinll 







* Actually, the dosage necessary to reduce the number of organisms in the chancre to 
10 per 200 microscopic fields, n hen administered intramuscularly 3 times at 2 hour inter 
vals 

t Twenty-four intramuscular injections at 4-hour intervals admimstered 6 weeks after 
intratesticular inoculation ivith several million orgamsms (Arnold, Boak, Carpenter, 
Chesney, Fleming, Gueft, hlahoney, and Rosahn, 1947) The 2 values in the table repre 
sent results obtained in different laboratories 

} Twenty -four intramuscular injections at 4 hour intervals, beginning 6 hours after in 
tradermal inoculation with 60,000 organisms 

§ Single intramuscular injection daily for 4 days, beginmng 4 days after intraderma 
inoculation with 2,000 orgamsms 

II Activity relatii e to penicillin G of a crude preparation assaying at 30 units per kg 
more highly refined product n ould be correspondinglj more active 

Data of Eagle, Musselman, and Fleischman (1948) A single intramuscular injection 
of bacitracin at 36 umts per kg caused the temporary disappearance of T pallidum from 
the primary lesion This dosage (1 2 mg per kg of a crude preparation) has been com 
pared with the similarlj effective total dose of pemcillin G when given 3 times at - our 
intervals to give a relatiie activity for bacitracin 5 per cent that of penicillin G ‘O 
difference in number of injections makes this an appro\imation onl> 
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might fail to parallel their relative therapeutic activity in the estabhshed infec- 
tion 

Table 1 summanzes the available information with respect to the antisyphilitic 
activity of pemcillins F, G, K, and X and of bacitracm, based on (1) their trep- 
onemicidal activity in vitro agamst the cultured Reiter stram (Eagle, 1946), 
(2) the dosages necessary to effect the disappearance of organisms from primary 
lesions m rabbits (Turner, Cumberland, Li, 1947, Eagle, Musselman, and 
Fleischman, 1948) , (3) the dosages of each necessary to cure an estabhshed infec- 
tion m rabbits when administered every 4 hours for 4 days and beginning 6 weeks 
after moculation (Arnold, Boak, Carpenter, Chesney, Flemmg, Gueft, Mahoney, 
and Rosahn, 1947) , and (4) the dosages that suffice to abort an early infection 
m rabbits if administered every 4 hours for 24 doses, begmnmg 6 hours after m- 
tradermal moculation with 60,000 orgamsms (Rake, Dunham, and Donovick, 
1947) 


TABLE 2 

Material used in present study 



lATNO 

SOURCE 

F 

123-BEL-4 

Upjohn 

G 

46042605 

Commercial Solvents 

{ 

5/14/46 

7/12/46 

Pfizer 

X 

CA(81)IC 

Lederle 

1 

B-46 

— 

Bacitracm* ] 

B-103 

Ben Venue 


B-122 

Ben Venue 


* Bacitracin la an antibacterial substance present in culture filtrates of B subhlis 
(Tracy) Originally descnbed by Johnson, Anker, and Meleney (1945), its treponemicidal 
action in vitro and in vivo has been descnbed in another communication from this laboratory 
(Eagle, Musselman, and Fleischman, 1948) 

There are here reported the results of an experiment to detemime the abortive 
dose of these pemciUms, as well as that of bacitracm, when administered mtra- 
muscularly once daily for 4 days, beginning 4 days after the mtradermal mocula- 
tion of 2,000 orgamsms The matenals used are listed m table 2 and were 
obtained through the Antibiotics Study Section of the National Institute of 
Health The courtesy of the pharmaceutical houses m m akin g the compounds 
available for study is gratefully acknowledged 

The experimental data are detailed m table 3 The dosages of pemcilhns F 
G, K, and X and of bacitracm that aborted infection m half the animals were 
3 5, 0 3, 2 6, and 2 2 mg per kg, and 90 umts per kg,i respectively For pemcil- 
hns F, G, K, and X, these represent relative gravimetnc activities of 8, 100, 12, 
and 14, respectively, referred to that of pemcilhn G as 100 For a preparation 
of bacitracm assaymg at 30 umts per mg, the correspondmg activity would be 
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TABLE 3 

The dosages of pemcilhns F, G, K, and X and of bacitracin necessary to abort early syphilitic 

infection in rabbits 


DOSAGE, UG/eg/ 

injection 


0 125 
0 25 

0 5 

1 
2 
4 
8 

16 


PENICnilUS 


Dosage that 
aborted infectioi 
in half the ani- 
mals* 


Relative activity 
per mg referred 
to that of pem- 
cillin G as 100 


BAaiEAcm 


t 


1 ^ 

1 ^ 


Nonsyph 

llltlC* 

Sypliil 

itic 

Non 

syphil- 

itic 

Syphil 

itic 

Nod 

syphil 

itic 


Non 

syphil 

itic 

.S o 

■q,5 

W 

Dosage, 

units/ 

Non 

syphil 

itic 

xii 

ckt: 

w 



0 

4 










3 (2) 

3t 



0 

6 




0 

2 

5 (5) 

1 



1 (1) 

5 

18-20 

0 

4 

0 

6 

6 (2) 

0 

0 

4 

3 (2) 

3 

36-39 

1 (1) 

7 

3 (2)t 

3 

4 

0 

3 (3) 

3 

1 

5 

72-78 

5(2) 

4 

2 (2) 

4 

2 

0 

4 (4) 

2 

5 (3) 

1 

156 

7(5) 

3 



1 

0 

6 (3) 

0 

6 

0 

313 

4(4) 

1 





4 

0 



625 

5 

0 









90 umts/kg = 

3 









mg/kg of crude 

3 5± mg/kg 

0 3 mg/kg 

2 6 mg/kg 

2 2 mg/kg 

preparation 










containing 30 









umts/kg 


8 

100 

11 5 

14 

10§ 


All animals were treated once daily for 4 days, beginmng on the fourth day after their 
intradermal inoculation with 2,000 T pallidum Those ammals in which a dark field posi 
tive lesion failed to develop at the site of inoculation were adjudged nonsyphilitic both on 
the basis of previous experience (Magnuson and Eagle, 1945, Eagle, Magnuson, and Flcisch 
man, 1947) and the fact that in all but one of 41 animals tested, the popliteal lymph nodes 
proved to be nomnfectious when inoculated into a normal animal 4 to 6 months after 
treatment The number of ammals so tested is indicated in parentheses in the body of the 
table It IS to be noted that these animals were deliberately selected from groups in 
which others had developed dark-field positive lesions, and in which as 3 anptomatic infec 
tion might therefore have been expected were it a frequent occurrence 
* After Reed and Muench (1938) 

f One of these 3 rabbits developed asymptomatic infection demonstrated by the fact 
that a lymph node transferred to a normal rabbit 5 months after treatment proved mfcc 
tious This was the only asymptomatic infection in the entire group of 42 rabbits teste 
{ The numbers m parentheses refer to those rabbits that did not develop a prima^ 
lesion, in which a lymph node transfer to a normal rabbit was earned out to confirm t e 
fact that the animal had not been infected All but one of the 42 rabbits so tested prove 
nomnfectious 

§ Mimmum value, appljung to crude preparation assaying at 30 umts per mg 


10 per cent that of G, and for a preparation assaying at 90 units per mg (assurainS 
the material can be purified to that extent), the percentage activity v/oulcl c 
30 
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DISCUSSION 

The results obtamed in this and preceding studies with respect to the relative 
antisyphihtic activities of penicillins F, G, K, and X and of bacitracin are sum- 
manzed in table 1 Their relative activities per mg, relative to that of pemciUm 


VETHOOS OF ASSAY 

Inhibition of 
Reiter strain 
in vitro 
(eagle 1946) 


RELATIVE 

ACTIVITY 


F G K X bacitracin It 



Otsoppeoraoce 
ot T pallidum 
from rabbit 
chancre 
(Turner U Cum 
beriand 1947, 
Eagle, 1948) 


Cere of estob 
lished syphilitic 
injection m 
rabbits 

(Arnold ef alii) 


Abortion 
of syphilitic 
infection during 
incubation 
period 

(Rake et alii) 



Abortion 
of syphilitic 
infection dunng 
incubation 
period 

(present experiments) 


100 

80 

eo 

40 

20 


Fig 1 The Relative Activity op Penicillins F, G, K, and X and op Bacitracin 
AGAINST T pallidum: by Five Different AIethods of Assay 
Cross hatched blocks are results that are approximations only 


G as 100, are shown graphically in figure 1 There are several aspects of these 
data that deserve emphasis 

(a) The absolute and relative activities of the vanous pemciUins and of 
bacitracm vaned widely according to the method of assay Even two similar 
methods of assay, both based on the abihty of these compounds to abort infec- 
tion durmg the mcubation penod, gave discrepant results (cf last two sections 
of table 1 and figure 1) 

(b) Relative to penicilhn G, pemcilhns F, K, and X as well as bacitracm were 
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significantly more active against the cultured Reiter stram in vitro than they were 
agamst the pathogemc Treponema palhdum in vivo 

(c) By every method so far used, penicilhn G was by far the most effectively 
antisyphihtic of the compounds tested This is evident m figure 1 By the 
three methods of assay used to date in syphihtic rabbits, penicilhn F was 7 to 
31 per cent as active as G, K was <6 to 23 per cent, X was 9 to 34 per cent, 
and a crude preparation of bacitracin assaymg at 30 units per mg was 4 6 to 10 
per cent as active 


SUMJIARY 

Rabbits were moculated mtradermally with 2,000 Treponema pallidum, and 
treated 4 days later with mtrarauscular injections of the various penicillms or 
bacitracm, repeated once daily for 4 days The doses of penicillins F, G, K, 
X and of bacitracm that aborted infection m half the animals were, respectively, 
3 5, 0 3, 2 6, and 2 2 mg per kg, and 90 units per kg Penicilhns F, K, and X 
were therefore 8, 12, and 14 per cent as active per mg as penicilhn G, and a crude 
preparation of bacitracin assaymg at 30 umts per mg was 10 per cent as active 
as pemciUm G 

In table 1 and figure 1 the foregomg data have been compared with those ob 
tamed by other workers, usmg other techniques It is apparent that not only 
the absolute but also the relative antisyphihtic activity of the several penicil 
lins and of bacitracm varies widely according to the method of assay 
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Bjicitracm is an antibactenal substance discovered by Johnson, Anker, and 
Meleney (1945) in culture filtrates of the so-called Tracy strain of Bacillus 
sublihs The toxicity of the drug and its absorption and excretion in dogs have 
been described by Scudi and his coworkers (Scudi and Antopol, 1947, Scudi, 
Chft, and Krueger, 1947) The blood levels obtained after the intramuscular 
admimstration of bacitracin, its urmary excretion, and its renal clearance m 
rabbits and man have been reported m a previous commumcation from this 
laboratory (Eagle, Newman, Greif, Burkfiblder, and Goodman, 1947) 

Subtilm IS another agent produced by B subiilts, desenbed by Jansen and 
Hirschmann (1944) Its antibacterial activity tn miro and in vivo has been 
studied by Sall6 and Jann (1945) It differs from bacitracin both m its antibac- 
terial spectrum and m its chemical properties 

There have been no previous reports about the activity of these two antibiotics 
m the treatment of syphihs As will be here reported, both were active in vitro 
against a cultured strain (Reiter) of Treponema pallidum, bacitracin being con- 
siderably more active than subtilm m this respect In vivo also, bacitracm 
caused the disappearance of treponemata from testicular chancres m syphihtic 
rabbits and the prompt healing of the lesions Subtilm, however, failed to effect 
permanent healmg of the lesions m the largest doses used The amount of 
bacitracm necessary to produce a permanent cure m rabbits is under present 
study, as is its activity m the treatment of the human disease 

METHODS \ND MATERIALS 

Bacitracin and subtilm The courtesy of the Western Regional Research 
Laboratones at Albany, Califorma, and of Drs Eugene F Jansen and Howard 
D Lightbody m providing the subtihn used m these studies is gratefully ac- 
knowledged Most of the bacitracm was prepared by the Ben Venue Labora- 
tories at Bedford, Ohio 

The effective concentrations of bacitracm are expressed m the tables and fig- 
ures m terms of the umt defined by Johnson, Anker, and Meleney, a umt of 
bacitracm being that “amount which when diluted 1 1024 m a series of two-fold 
dilutions in 2 cc of beef infusion broth, completely inhibits the growth of a stock 
strain of Group A hemol 3 rtic streptococcus when the moculum used to seed the 
tubes IS 0 1 cc of a 10“- dilution of an overmght culture m blood broth ” The 

' This work was supported m part by a grant from the National Institute of Health, 
U S Public Health Service, Bethesda, Maryland 
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lots of bacitracin used m these expemnents varied m activity from 18 to 40 units 
per mg, and there is reason to beheve that the activity of the pure matenal may 
be at least twice the latter figure 

The activity of subtilin is expressed m terms of nulhgrams, prehmmary experi- 
ments in this laboratory with the Craig counter-current distnbution apparatus 
(Craig, Hogeboom, Caipenter, and du Vigneaud, 1947) having mdicated it to be 
a reasonably homogeneous matenal, at least as determined by its partition co- 
eflficient between water and butanol 

The crystalline pemcilhn G used m these studies for comparison mth bacitracin 
and subtihn was Lot no V31 supphed by the Squibb Institute for Medical 
Research of E R Squibb and Sons Their co-operation is gratefully ac- 
knowledged 

Inhibition of growth of treponemata in vitro The Reiter strain of so called 
T pallidum^ used m the in vitro expenments was grown on Brewer’s thioglycolate 
medium, ennched with 10 per cent rabbit or human serum Suflicient additional 
agar was added (0 075 to 0 15 per cent) to thicken the medium and thus promote 
the formation of individual colomes m subculture 

For the determmation of the inhibitory effect of the antibiotics on growth, 
decreasing amounts of their solutions (0 8, 0 6, 0 4, 0 3, 0 2, etc ) were added to 
9 ml of the thioglycolate-serum medium, the tubes were then inoculated with 
just 1,000 organisms from a growmg, actively motile 48-hour culture, and the 
total volume was adjusted to 10 ml The number of colonies developing in each 
tube was counted after 7 to 14 days’ mcubation in an anaerobe jar at 37 C In 
the absence of antibiotic, from 2 to 4 colomes were usually obtained for each 10 
org anisms inoculated mto the medium The control tube therefore contained 
on the order of 200 to 400 colomes, too many to count, and the expenmental 
end pomt indicated in the tables was either that concentration which completely 
prevented growth, or that which pernutted the development of only 20 colonies 

Inhibition of growth of Streptococcus pyogenes {C-203) The concentrations of 
antibiotic necessary to prevent the growth of this organism were determmed by 
a modified Rammelkamp-Efirby techmque (Eagle, Newman, et al , 1947), using 
inhi bition of hemolysis as the end pomt 

Rate of treponemicidal action in vitro Bacitracm or subtilm was added in 
varying concentration to tubes of thioglycolate-senim medium at 37 C These 
were then inoculated with an actively growing 48-hour culture, to a final count 
of 10 million organisms per ml as determmed by direct enumeration (Magnuson, 
Eagle, and Fleischman, 1948) At varying intervals thereafter (e g , 3, 0, 12, 
24, or 48 hours), ahquot portions were removed from the tubes, and the number 
of remaimng orgamsms was determined by subculture in serial tenfold dilutions 
on thioglycolate medium In the absence of a specific method for the inactiva- 
tion of the bacitracm or subtihn, dependence had to be placed on the senal dilu- 
tions to dilute the matenal to the pomt that it would not affect the growth m 
subculture of the survivmg orgamsms 

- The identification of these organisms as T ‘pallidum la debatable They are probably 
aaprophytic organiama that happened to be preaent in the syphilitic lesions when atttmp a 
were made at cultivation 
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In some expenments, the effect of the antibiotics on the number of orgamsms 
•visible by dark-field examination, and on the proportion of those Tvhich mere 
motile, w as also detenmned 

ESPERIMEXTAL PROCEDURE AXD RESULTS 

Concentration of bacitracin and subtihn necessary to inhibit the growth of T 
pallidum (Reiter) and of Streptococcus pyogenes (C-203) in iitro Table 1 sum- 
marizes a number of experiments with four different lots of bacitracm and the 
cultured Reiter stram of so-called T pallidum With mocula of 100 organisms 
per ml, 0 004 Johnson-AIeleney umts of bacitracm per ml completely inhibited 
the gromth of the organisms, and an average of 0 002 umts per ml permitted the 


TABLE 1 

The inhibitory ejects of bacitracin, subtihn, and penicillin G on the growth of T pallidum 

(Reiter) in vitro 



livHIBnoZY COSCZXIjUTIOSS 01 


Baatraan* 

Ppnirillin 

Sabtiliiit 

PpmciHiQ 

Complete inhibitiout 

Range 

^lean 

units/cd 

0 0024-0 0072 

0 0041 

0 025-0 06 

0 047 

us/ml 

2, 3 5 

0 02, 0 03 

Partial inhibition^ 

Range 

Mean 

0 0015-0 0036 

0 0023 


1 1, 1 95 

0 015, 0 025 

Conclusions as to relative ac- 
tmty 

1 mg pemcillin equivalent 
to an average of 90 
umts of bacitracm 

1 mg pemcdhn equivalent 
to approximately 75- 
100 mg of subtihn 


* Eleven expenments with 4 lots o£ bacitracin, varying in activity from IS to 36 umts 
per mg, each tested in parallel with pemcilhn G 

t One experiment with each of 2 tots tested in parallel with pemcilhn G 
t Complete inhibition, no colomes in 10-ml tube inoculated with total of 1,000 orgamsms, 
and yielding 200 to 400 colomes in a control tube cont ainin g no antibiotic Partial in- 
hibition, 20 colomes in a 10 ml tube similarly inoculated 

development of 20 colomes m a 10-ml tube In sunultaneous expenments xvith 
pemcilhn G, which was the most active of the four natural pemcilhns agamst 
this particular stram of treponema (Eagle, 1946), an average of 0 047 rmcrograms 
per ml prevented growth, and 0 027 micrograms per ml permitted the develop- 
ment of 20 colomes One milligram of crystalhne penic illin G, therefore, had 
an average actmty eqmvalent to that of 90 umts of bacitracm, i e , p eni c illin G 
was three tunes as active as a crude preparation of bacitracm contaimng 30 uni ts 
per mg 

As shown m the same table, subtihn was tar less effective than either bacitracm 
or pemciUm G The totally inhibitory concentration was on the order of 2 to 
4 micrograms per ml, and 1 to 2 micrograms per ml permitted the formation of 
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20 colonies Milligram for milligram, the two lots of subtihn tested were there- 
fore approximately l/70th to 1/lOOth as active as pemcillin G against the Reiter 
strain, and l/20th to l/30th as active as a preparation of bacitracin assaying at 
30 umts per mg - 

The relative activities of bacitracin, subtihn, and penicilhn against the C 203 
strain of Streptococcus pyogenes (C-203) are shown in table 2 Measured by the 
concentrations necessary to inhibit growth, bacitracin was somewhat less active 
against this organism than it was against the Reiter strain of T pallidum, peni 
cilhn was several times more active, but subtihn was almost a hundred times 
more active Subtihn was half as active as pemcilhn G against this strain of 
streptococcus in vitro, but only l/70th to 1/lOOth as active as G against the Reiter 
strain of T pallidum 


TABLE 2 

The inhibitory effects of bacitracin, subtihn, and ‘penicillin G on the growth of the C 203 strain 

of Streptococcus pyogenes in vitro 


GROWTH INBIBIIING CONCENTRATIONS AGAINST STREPIOCOCCDS PVOGENES OP 



Bacitracm 

PcDicilIm G 

1 Subtihn 

PenicLllin G 

Range 

Mean 

umts/ml 

0 006-0 01» 

0 008 

VS/’nl 

0 0093-0 015 

0 013 

1 vs/irl 

0 031, 0 037, 0 033t 

0 034 

/!*/«/ 

0 015, 0 015, 0 014 
0 015 

Conclusions as 
to relative 
activity 

1 mg penicillin equivalent 
to 600 umts of bacitracin 

1 mg pemcilhn equivalent to 2 mg of 
subtihn 


* Eleven experiments with 4 lots of bacitracin In each experiment penicillin G was 
tested simultaneously 

t Three experiments with 2 different lots of subtihn, each tested simultaneously with 
penicillin G 

The rate of treponemicidal action of bacitracin and subtihn in vitro A number 
of expenments designed to estabhsh the rate at which the treponemata were 
killed by bacitracm are summarized m table 3 One of those expenments is 
graphicaUy illustrated in figure 1 With the much larger inocula used m these 
expenments (10 million per ml instead of 100), and over the shorter time perio 
(24 to 48 hours instead of 7 to 14 days), it required larger concentrations of baci- 
tracin to render the organisms nonviable than was the case in the experiments 
summanzed in the previous section In experiment 5 of that table a minimum 
concentration of 0 025 umts per ml wms necessary to effect a significant trepone- 
rmcidal action, and a somewhat higher concentration (>0 025 but <0 1 urn 
per ml) was necessary in experiment 6 The smallest effective concentration o 
pemcilhn G similarly tested was 0 032 micrograms per ml (Eagle and Musselm m, 
1944, Eagle, 1946) By this cntenon 1 mg of G therefore had an activi y 
equivalent to that of 800 umts of bacitracin, and it was some 25 times m 
effective than were crude preparations of bacitracin assaying at 30 units per mg 
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Unlike the case of penicillin (Eagle and Musselman, 1944) there was no indica- 
tion of a maximally effective level of bacitracin The rate at which it killed the 
organisms increased \vith its concentration up to the highest level tested (64 umts 
per ml, equivalent to 2 milligrams per ml of the particular preparation used) 


T4BLE 3 

The rate at which “T pallidum" (Reiter) was rendered nonviable by bacitracin in intro 


EXP 

KO 

UNITS/UL 

TIME IN HOirsS 

mCE XEQUIEED 
TO KILL 99 9 
PER CENT OP 
ORGANISMS 

6 

^ 12 1 

^ 24 

48 

Proportion of organisms surviving (referred to viable organisms in ongmal 
inoculum as 100) 




! 



hr 


1 15 

8 3 


0 32 

0 029 

36 

1 

0 144 

18 


2 2 

0 18 

53 


0 0022 

200 


440 

2,500 

CO 


0 

— 


680 

2,000 

— 

2-4 

0 144 

15, 17, 17 

1, 2 2, 2 4 

0 17, 0 016, 0 018 



55, 39, 40 


0 



415, 255, 255 

— 

— 


4 

8 8 


<0 005 

<0 005 

<24 


0 2 

66 


0 38 

0 02 

35 


0 1 

55 


5 5 

0 11 

48 


0 05 

88 


5 5 

1 3 

>50 


0 025 

100 


22 

9 4 

>50 


0 

150 


1,150 

6,650 

— 


64 

0 03 







6 


4 

7 5 

0 3 

0 01 

— 

14 


1 

9 

1 5 

0 018 

0 015 

18 5 


0 1 

48 4 

12 1 

3 

— 

53± 


0 025 


240 

150 

600 

CO 


0 0125 


180 

480 

3,000 

00 


0 0062 

210 

400 

1,120 

4,240 

CO 


0 

— 

570 

1,600 

8,200 

CO 


Conclusion Although a bacitracin concentration of 0 0062 units per ml caused a de- 
creased net rate of multiplication over the first 48 hours, it reqmred 0 025 umts per ml to 
effect a net reduction in the number of viable orgamsms Since the mimmal effective con- 
centration of pemcdlin G is 0 032 micrograms per ml (Eagle, 1946) , 1 mg of pemcilhn was 
eqmvalent to approximately 800 umts of bacitracin by this method of assay 

Unlike pemcilhn, there was no maximally effective concentration of bacitracin The 
rate at which the orgamsms were killed increased with the concentration of antibiotic up 
to the highest level tested (64 umts per ml) 


At that concentration, 99 9 per cent of the or ganisms v ere killed m less than 6 
hours, as compared with an average of 26 hours required at maximally effective 
concentrations of pemcilhn (Eagle and Musselman, 1948) 

The progressive death of the organisms was reflected, not only m the decreasmg 
number able to grow out as colomes m subculture, but also m the decreasmg 
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number visible by dark-field exammation and m their progressive loss of motil 
ity One of several such experiments is illustrated m figure 2 A certain 
number of the organisms apparently undergo lysis, others are xmmobihzecl, and 



TIME IN HOURS 


Fig 1 The Effect of the Concbntbation of Bacitracin on the Rate of Its 
Tbeponejiicidal Action (Cultored Reiter Strain) 

Experiment 6 of table 3 



Fig 2 The Tbeponbihcidal Action op Bacitracin in Vitro (Cultobed Reiter Straiv) 
Lyaifl, immobilization, and loss of viability in subculture 

the number able to grow out m subculture corresponds essentially to the number 
of visible and motile organisms, corrected for the fact that m control tubes on y 
20 to 40 per cent of the motile organisms inoculated develop into colonics 

subculture 
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Two experiments with subtilm are illustrated m table 4 The lowest concen- 
tration that decreased the net rate of multiphcation was approximately 1 micro- 
gram, and the lowest concentration that had a demonstrable net bactencidal 
effect was 2 to 4 micrograms per ml The latter concentrations were 64 to 128 
times the similarly effective concentrations of pemcilhn G As with bacitracm, 
and unlike pemcilhn, the treponemicidal activity of subtilm mcreased with its 
concentration up to the highest level studied (64 micrograms per ml) At that 
concentration, 99 9 per cent of the organisms w ere killed m 54 hours, or 5 times 
faster than the maximal rate at which these organisms can be killed by pemcilhn 
G in vitro 


TABLE 4 

The rate at which “T pallidum” {Reiler) was rendered nonuiable by subtilm in vitro 


EXP NO 

SUBTIUX 

TIJ£E m HOT72S AT 37 C 

TIUE EEQUISED 
TO KILL 99 9 
PEE CEST OP 
OEGAKISStS 

1 

12 

24 

48 

1 Proportion of organisms surviving (referred to viable organisms in 

1 original moc^um as 100) 


micrograms/ml 





hr 


64 

0 055 


<0 005 

<0 005 

5 


8 

5 5 


0 016 

<0 0005 

10 

1 

4 

11 


1 3 

0 055 

43 


2 

44 


9 4 

6 6 

>50 


1 

120 


— 

260 

— 


0 

150 


1,150 

6,650 

— 


16 

0 36 j 

0 



6 


8 

7 5 

0 015 

0 006 

0 0006 

10 


4 

27 2 

1 

0 63 

— 

33 

2 

2 

150 

— 

150 

— 

— 


1 

330 

570 

1,230 

3,030 

— 


0 05 


540 

1,570 

7,500 





570 

1,600 

8,200 



Conclusion The lowest concentration of subtilm that effected a net decrease in the 
number of viable orgamsms within 48 hours was 2 to 4 micrograma per ml Since pemciUin 
G was similarly effective at a concentration of 0 032 micrograms per ml, it was 64 to 128 
tunes more active per mg than the particular preparations of subtilm used m these experi- 
ments 

The treponemicidal action of bacitracin and subtilm in viio When bacitracm 
at dosages greater than 36 umts per kg was mjected mtramuscularly mto syph- 
ihtic rabbits with testicular chancres, motile treponemata usually disappeared 
from the lesions uathm 24 hours, and they were usually dark-field negative withm 
48 to 72 hours As is shown m table 5, however, after smgle doses of as much as 
2,560 umts per kg, organisms would often reappear m the testis or epididymis 
days, weeks, or even months after treatment In rabbits treated once daily for 
4 days, similar relapses uere noted m animals treated at doses up to 640 umts 
per kg, but none m the seven animals treated at larger doses 

When pemciUm was mjected once daily for 4 days, treponemata reappeared 
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m the testes of two rabbits treated at 4,000 units per kg (2 4 mg per kg of pem 
cillm G) , but not in two treated at 8,000 units per kg Gravimetrically, a crude 
preparation of bacitracin assaymg at 30 umts per mg was therefore on the order 
of one-tenth as active as penicilhn in efifecting the permanent healing of testicular 
chancres in rabbits 

The largest doses of subtilin so far used (10 mg per kg every 4 hours, repeated 
4 times daily, and continued for 4 days) did not cause the permanent disappear- 
ance of orgamsms from the testicular chancres in any of the four rabbits tested 


TABLE 5 


The effect of treatment with bacitracin on the presence of T pallidum in testicular chancres oj 

rabbits 


KO 01 INJECTIONS 

DOSAGE UNITS/EO 
PEE INJECTION 

CHANCSE DID NOT 
BECOUE DAEE 
PIEtD NEGATIVE AS 
EESDIT OP TEEAX 
MENT 

CHANCES became 
TEMPOEAEILY 
, DAEE Pt£LD>N£GA 
’ TIVE BUT OHCAN 
ISMS LATER EEAP- 
FEARED 

CHANCRE BECAME 
AND REMAINED 
DARK FIELD NEGA 
TIVE THRODCHOOr 
PERIOD OF OBSER 
VATION (2 TO 4 
MONTHS) 

DOSAGE or BACI 
TRAaN AT IVHlCa 
CHANCRE BECAVS 
AND lEUAlVID 
DARK 

NEGATIVE 


36 

1 

0 

0 



72 

0 

2 




144 

0 

2 

1 



288 

0 

1 

1 

Single injeo 

1 

576 

0 

0 

4 

tion of 

One 

640 

2 

0 


5,120 units/ 


1,154 

0 

1 

3 

kg 


1,280 

0 

2 

1 



2,560 

0 

3 

5 



5,120 

0 

0 

4 



36 

3 

0 

0 



72 

0 

3 

0 



144 

0 

0 

4 

1,150 units/ 


160 

0 

1 

0 

One injection 

288 

0 

1 

1 

kg re 

daily for 4 

320 

0 

1 

2 

peated 

days 

576 

640 

0 

0 

0 

2 

3 

1 

once daily 
for 4 da) 3 


1,154 

0 

0 

2 



1,280 

0 

0 

3 



2.560 

0 

0 

2 




This antibiotic was therefore even less effective against pathogemc T pallidum 
in VIVO than was indicated by its direct bactericidal activity against the non 
pathogenic, cultured strain in vitro 

Abortion of syphilitic infection If penicillin is administered a few hours to 
few days after the inoculation of rabbits with T pallidum, a minute fraction 
the dosage necessary to cure the estabhshed disease then suffices to ffiH the sina 
inoculum and to abort the syphilitic infection (Magnuson and ^aglc, J ’ 
Eagle, Magnuson, and Fleischman, 1947) Rake, Dunham, and Donovick 
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have developed a rapid method, based on this fact, for the assay of antisyphihtic 
agents Since the criterion of failure is the development of a chancre at the site 
of moculation, the assay can be completed within 2 to 3 months, as compared 
with the 12 months necessary for the ordinary therapeutic assay in established 
syphihtic infection, in which the criterion of cure is the nonmfectiousness of a 
lymph node on transfer to normal rabbits 6 months after the completion of treat- 
ment 

The relative activity of bacitracin and pemcilhn G in preventing the develop- 
ment of syphihtic infection is shown m table 6 (Eagle and Fleischman, 1948) 
As there indicated, when ammals were inoculated with 2,000 organisms and 

TABLE 6 


The relative activity of bacitracin and penicillin G in the abortion of syphilitic infection in 
rabbits {after Eagle and Fleischman, 1948) 


PENICILLIN G 

BAatEAClN 

Mg/kg per 
injection 

Nonsyphi 

htic 

Syphilitic 

PDio mg/kg 
per mjec 
tion* 

UnitsAs per injection 

Nonsyphi 

htic 

Syphihtic 

PDib mgAg 
per injec 
tion* 

0 125 

0 



18 

0 

4 


0 25 

3 (2) 



36-39 

1 (1) 

7 


0 5 

5 (5) 

1 


72-78 

5 (2) 

4 


1 

6 (2) 

0 

0 3 

144-156 

7 (5) 

3 

90 

2 

4 

0 


313 

4 (4) 

1 


4 

2 

0 


625 

5 

0 

1 


Rabbits were inoculated intradennally with 2,000 organisms Treatment mth intra- 
muscular injections of pemcillin G or bacitracin was begun 4 days later, and continued 
once daily for 4 days The failure of the animals to develop a syphilitic lesion at the site 
of inoculation was taken to indicate that the infection had been sucessfully aborted The 
numbers in parentheses represent the number of animals m which this was confirmed by 
lymph node transfer into a normal rabbit 4 to 6 months after treatment The others were 
not tested 

Conclusion One mg of pemcilhn was as effective as were 300 units of bacitracin in the 
abortion of syphilitic infection in rabbits By this method of assay, pemcilhn was there- 
fore ten times as effective as a crude preparation of bacitracin assaying at 30 umts per mg 

* Dosage that protected 50 per cent of ammals (calculated after Reed and Muench, 
1938) 

treated 4 days later by intramuscular mjections repeated once daily for 4 days, 
a daily dose of 0 3 mg per kg of pemcilhn G sufficed to abort the infection m half 
the ammals The similarly effective dose of bacitracin was 90 units per kg By 
this method of assay, 1 mg of pemcillm G was therefore equivalent to 300 units 
of bacitracin, and pemcilhn was ten times as effective as a crude preparation of 
bacitracm assaying at 30 umts per mg The sumlarly abortive dose of subtilm 
was not detemuned 

Experiments are now m progress to determine the curative dose of bacitracin 
m estabhshed syphihtic infection of rabbits, using l 3 miph node transfer 4 to 6 
months after treatment as the criterion of cure, and to determine also whether it 
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exercises a synergistic action with penicillin Preliminaiy 
in the treatment of human patients are also in progress 


tnals of bacitracin 


SUMMARY AND DISCUSSION 

Bacitracin 

Bacitracin has here been shown to have a defimte treponemicidal action, both 
against the cultivated Reiter strain in vitro and pathogemc Treponema pallidum 
in VIVO (cf table 7) 


TABLE 7 

The relative activity of penicillin, subtilin, and bacitracin against Streptococcus pyogenes and 
treponemata summary of all experiments 


TEST ORGANISM 

CBITEEION OF ANTIBIOTIC ACTIVIIT 

ACTivnY or ARTiDioric ?E2 ya 
SXIATIVE TO TflAT Of 
PENIClIXDi Q 

Bacitraoo (tm* 
pure prepD 
assaying at 30 
uDits/mg) 

Sublilia 

Streptococcus pyo- 
genes, C-203 

Inhibition of hemolysis in vitro (table 2) 

% 

5 

% 

50 

Reiter strain in 
vitro 

Treponemata 

Pathogemc T palli- 
dum in vivo 
(rabbits) 

Inhibition of growth in 7 to 10 days 
(table 1) 

33 

1 

I Direct bactencidal action in 24 to 48 

1 hours (tables 3 and 4) 

35 


Permanent disappearance of orgamsms 
from primary lesion (table 5) 

10 

d 

Abortion of syphilitic infection (table 6) 

10 

? 

Cure of experimental infection 

? 

1 


Conclusioa A crude preparation of bacitracin assaying at 30 units per mg was o per 
cent as active per mg as pemcillin G against Streptococcus pyogenes, 35 per cent as active 
as G against the cultured Reiter treponema in vitro, and 10 per cent as active against t o 
pathogemc T pallidum . . 

Subtilin was 50 per cent as active per mg as penicillm G against the streptococcus, u 
only <1 to 1 5 per cent against the treponemata, either in vitro or in vivo 

Cultured Reiter strain in vitro The drug caused the lysis and immobilization 
of the cultured organisms and a progressive loss of viability as judged by 
culture Approximately 0 004 umts per ml completely inhibited growth, an 
0 025 umts per ml had a definite treponemicidal effect within 24 to 48 hour^ 

Unlike the case of pemciUm, there was no mdication of a maximally effective 
concentration of bacitracm, instead, the rate of its treponemicidal action m 
creased progressively up to the largest concentrations feasible to use expermien 
tally in the absence of a simple method of mactivation Thus, at concentration 
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of 0 1, 1, 4, and 64 units per ml, it required 53, 19, 14, and 6 hours to kill 99 9 
per cent of the organisms 

Pathogenic T pallidum in viio In syphihtic rabbits, small doses of bacitracin 
(36 imits per kg) caused the rapid disappearance of the organisms from the 
primary lesion The similarly effective doses of pemcilhn G are on the order of 
0 11 mg per kg (Turner, Cumberland, and Li, 1947) IMuch larger doses were, 
however, necessary m order to effect the permanent heahng of the chancre The 
effective doses of bacitracm m this respect were 5,000 umts per kg at one mjection, 
or 1,150 imits per kg repeated once daily for 4 days The latter dosage (40 mg 
per kg of a crude preparation assaymg at 30 umts per mg) was approximately 
ten times the similarly effective dose of pemcilhn G 

In rabbits moculated with 2,000 organisms 4 days previous to treatment with 
bacitracm, syphihtic infection could be aborted m half the animals by the ad- 
mimstration of 90 umts per kg of bacitracm, given once daily for 4 days This 
dosage (3 mg per kg of a crude preparation assaymg at 30 umts per mg) was 10 
tunes the simil arly effective dose of pemcilhn G 

Streptococcus pyogenes Against the C-203 stram of ;9-hemolytic streptococcus 
in vitro, pemcilhn G was twenty times as active as a 30-umt-per-mg preparation 
of bacitracm 


Subtilm 

Subtihn was more active than bacitracm against the C-203 stram of Strepto- 
coccus pyogenes, approachmg the activity of penic illin m this respect A gains t 
treponemata, however, whether the cultivated Reiter stram in intro or the patho- 
gemc organisms in mio, it was far less active than either penic illin or bacitracm 
The effective concentrations in vitro of 2 to 4 micrograms per ml were 75 to 100 
tunes those of pemcilhn G, and the largest doses so far used, approximately SO 
tunes the curative dose of pemcilhn similarly mjected, failed to cause e-ven the 
permanent disappearance of treponemata from a p rimar y lesion m rabbits 
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Only a few miciooiganisms aie known to decompose o\ahc acid oi oxalate 
Most of these aie filamentous fungi, notably species of Aspeigilliis and Pent- 
cilhum, which foim oxalic acid undei some conditions and decompose it undei 
otheis (Wehmei, 1891, Bach and Fouiniei, 1935) Among bacteiia the ability 
to decompose oxalate is veiy 1 aie Ayeisetal (1919) and Den Dooien de Jong 
(1928) tested ovei 125 stiains isolated from a vaiiety of souices and did not find 
a single one possessing this ability Bassahk (1913) tested 90 species of bacteiia 
and fungi and found only three stiains of bacteiia that could attack oxalate 
Two of these decomposed oxalate veiy slowdy m a S 3 mthetic medium, but the 
thud, called Bacillus exloiqucns, decomposed oxalate rapidly and completely 
undei the same conditions 

Bassahk made a lather thoiough study of Bacillus exloiqucns and its action on 
oxalate Since many of his obseivations can be dnectly compaied with ouis, it 
IS woith while to summaiize them biiefly B extorquens w'as isolated oiiginally 
fiom the excieta of an eaithwmm that had ingested plant material contaming 
ciystals of calcium oxalate, latei it w'as shown to be present in foiest and gaiden 
soils The bacteiium w^as eniiched by inoculating the excieta oi soil into a 
mineral medium containing ammonium oxalate as the only orgamc compound 
Gieat difficulty was expeiienced in the isolation of pure cultures Repeated 
attempts to use agai media failed, but the oigamsm was finally isolated by the 
use of silica gel plates containing ammomum oxalate 

B extorquens w^as a slightly bent, nonspoiailatmg rod, averaging 1 5 by 3 0 
microns m size and having a single polar flagellum It formed a rose-ied to 
blood-red pigment and, in a liquid oxalate medium, it grew chaiacteiistically as 
a film on the bottom and walls of the flask, leavmg the liquid cleai Giowd;h 
was pool on ordmary agar and gelatin media but w^as lapid and abundant on 
synthetic media containing one of the followmg compounds as a sole eneigy 
souice oxalate, gljmxalate, malonate, succinate, fumaiate, maleate, oxamate, 
phenylacetate, foimate, oxamide, methyl and ethyl alcohols, glycerol, soibitol, 
mannitol, and glucose Less vigoious growth w'as obtained with a vaiiety of 
othei compounds including glycolate and foimaldehyde m low concentiation 
Both soluble and relatively insoluble oxalates, like the calcium and barium salts, 
w'eie leadily decomposed The optimal concentiation of soluble oxalates w'as 
between 0 1 and 0 3 pei cent, although highei concentiations could be toleiated 

‘ The senior author is grateful to the Watumull Foundation for a fellowship that en- 
abled him to Mork on this problem Permanent address St Xavier’s College, Bombay, 
India 
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piovided the alkali lesulting liom the decomposition was neutialized Tlie di 
composition of oxalate was shown to be an oxidation to caibon dioxide ind u itci, 
the only othei pioduct being cell mateiial The late of ox3'^gen consumption 
on oxalate coiresponds to Qo, = 32 to 53 at 29 C Finally it was shown tint 
toluene-tieated bacteiia and even cell-fiee cultuie filtiates veie capable of de 
composmg oxalate, a fact mdicatmg the piesence of a soluble enz3'me 

Smce the woik of Bassahk very little has been done ivith oxalate-decompo^^ing 
bacteria Scholdei and Lmstrom (1930) obseived the disappeaiance of oxalate 
fiom a dilute solution, appaiently as a lesult of bacteiial action, but they were 
unable to isolate the causatum oiganism Baibei and Gallimoie (1940) showed 
that when an oxalate solution is inoculated vnth fecal mateiial, oxalic acid iapidl3 
disappeais under both aerobic and anaeiobic conditions The piocess was c\i 
dently due to nonspoiulating bacteiia smce it xvas pi evented by pasteuiizing tlie 
inoculum No attempt w'as made to isolate oi identify the bacteiia 

The piesent paper deals with the isolation and chaiacteiistics of an aeiohic 
soil bacterium, Vtbiio oxahlicus, nov spec , xvhich is similai to Bacillus cilotqiuiis 
in its abihty to decompose oxalate, but which diffeis fi om this oiganism in see ei d 
important respects 


EXPERIMENTAL METHODS AND RESULTS 

Ennchment and isolation of V oxaliticns Foi the eniichment of this oiganism 
a medium (No 1) of the following composition m g pei 100 ml wms used pot is 
Slum oxalate hydi ate, 01, (NH^sSO^, 0 05, K2HPO.,005, MgSO^ TITO, 001, 
FeSOi 7H2O, 0 002, CaSO. 2H2O, 0 001, pH 7, made up vith distilled water 
A few diops of phenol red indicator xvere also added The medium was inoiii 
lated with a small quantity of garden soil and incubated aeiobically m a shallow 
layer at 28 C Withm 24 hocus the medium became tuibid and the pH lO'C to 
about 8 4 A peimanganate titiation showmd that moie than 85 pei cent of the 
oxalate had been decomposed 

After one tiansfei m the same medium, the culture was stieaked on an oxal itc 
agar medium contaimng 0 1 per cent yeast extract In 48 houis many siixi 
colonies of at least six different types appeared Repiesentative colonies weu 
transferied by means of capillary pipettes into tubes of steiile licjuid oxa itc 
medium with yeast extract In onb’’ twm out of eight tubes was the oxa itc 
decomposed, and microscopic examination show'^ed that m both positu c culture 
at least two orgamsms xveie present, one a xmiy small vibiio and the other 
somewhat laiger straight lod 

In ordei to facihtate the separation of these two oiganisms, which piouel 0 
be somew^hat difficult, the plating medium xvas altered slightly 113 the u e 4io» 
of a s ma ll amount of steiile calcium chloiide solution (2 ml xi/10 pei 19 
medium 1) This resulted m the foimation of a fine ci3st dime prccipit i e 'j 
calcium oxalate that made the agai slightly opacpie In such a medium a 
colomes of oxalate-decomposing bacteiia can be easib iccognizcd iftir 1 
days’ incubation by the formation of a cleai zone 01 halo about e ich is i u 
of the disappeaiance of the calcium oxalate cr3stals (figme 1) Hu di- <' i‘ 
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ot the ciystils m the immediate vicimtj'^ of the colonies can be obseived micio- 
scopicilly even befoie the micioscopic halos appeal 

By means of this plating technique, the vibiio was sepaiated fiom the stiaight 
lod, md it Avas found that onlj'- the foimei was able to decompose oxalate The 
ivailable evidence indicates that the vibiio was the only oxalate-decomposing 
bacteiium piesent in the eniichment cultuies The othei five types of bacteria 
must hai^e been living on oiganic mateiials synthesized by the vibiio 



Fig 1 Calciuii Oxalate Agar Plate Streaked from an Enrichment Culture and 

Incubated 15 Days at 28 C 

Growth was slow because all the oxalate was in the form of the calcium salt 

Four othei stiains of the vibiio weie isolated fiom thiee soil samples obtained 
in Beikeley and one fiom the garden of the Massachusetts Geneial Hospital m 
Boston A numbei of othei soil samples weie examined foi the presence of the 
vibiio by using them as inocula foi eniichment cultures that iveie then examined 
microscopically Positive lesults neie obtained with all samples tested At- 
tempts to demonstiate the piesence of oxalate-decomposing bacteiia in an weie 
unsuccessful 

Most of the expeiiments lepoited in this papei weie done with stiain 2 

Morphology, staimng, and culluial chai actenstics All five stiams are similai 
m appearance and behavioi They aie typical small vibiios, the aveiage dimen- 
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sions being 0 4X13 micions (figuie 2) The cells in 5 ^oung cultures aie actu eh 
motile by means of a single polai flagellum, 6 to 8 tunes the length of the cell both 
No capsules oi spoies weie obseived The cells weie giam-negative at all time' 
The oigamsm gioiis on nutiient agai to foim small, pm-point colonies m ibout 
48 houis that weie moist, laised, and had entiie edges The colonies glow slowh 
on fuithei incubation and leach a maximal diametei of 1 5 mm in about 0 clu' 
Colomes were nevei pigmented Moderate growth wms obtained in niitiienl 
broth, after 24 hours it was mostly confined to a thin surface film, and after in 
other 24 to 48 hours a slight general turbidity developed The organism cloc' 
not reduce nitrate, and does not form indole or hj’^diogen sulfide 



Fig 2 V oxaliticus. Strati' 1, froji 2-Dat-oi.d Culture on in Onvlitl Mtdu '■ 

Gentian violet stain, 1,000 X 

On calcium oxalate agar containing 0 1 per cent yeast extract grow th is r tpul, 
but the colomes lemam small because of the limited quantitj’- of avail ible niitri 
ents The colonies are similar m size and appearance to those on iiutiitn 
agar It should be noted that oxalate-containing media always tend to bttonu 
aDcahne as the anion is decomposed When phenol red is picsciit, tlic to or 
changes from j’-ellow to red In a liciuid oxalate medium with or without }c ‘ 
extract, a shght surface film forms first, and later a general tuibidit} dcvc oj) 
Growth IS more rapid m shaken than m stationai-j cultures, probabb bcc m-c u 
better aeration In a culture incubated on a shaker, 0 1 pei cent pot i"iura 
oxalate is decomposed almost completelv within 24 hours at 28 C 

Substrates utilized fo) groath V number of orginic compotuuLs were ti'tci 
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growth substrates by substituting them for oxalate m medium 1 with and without 
the addition of 0 05 per cent Difco yeast extract Utilization of the substrate 
was judged by an increased turbidity over the control with no added substrate 
It was found that in the presence of yeast extract the only compounds that sup- 
port growth within 3 to 4 days are oxalate, formate, and pyruvate In this 
period of incubation the organism is unable to utilize acetate, butyrate, citrate, 
lactate, malate, malonate, succinate, tartrate, or glucose However, acetate at 
least does support abundant growth when the incubation period is further ex- 
tended At the end of 3 to 4 days there is only a slight effect of acetate, but 
groivth continues slowly and reaches a maximum on the twelfth day This indi- 
cates that an adaptation is required foi acetate utilization The lag period can 
be considerably reduced by transfer rmg the bacteria several times in acetate me- 
dia When the various compounds were tested as growth substrates in the ab- 
sence of yeast extract, the results were quahtatively the same except with 
formate, which does not support growth when it is the sole carbon source 

Taxonomy The morphology of the oxalate-decomposing orgamsm places it 
in the genus Vibrio as defined in Bergey’s Manual (1939) It could not be identi- 
fied with any species described therein There is a generic similanty between 
our orgamsm and Bassalik’s B exiorquens, but they differ m many details For 
example, B exiorquens is a relatively large vibrio that forms a red pigment and 
metabohzes a great variety of organic compounds in a mineral medium Our 
organism, on the contrary, is very small, does not form any pigment, and only 
grows well with oxalate and pyruvate in a nuneral medium In view of these 
obvious differences, we must regard our organism as a new species for which we 
propose the name, Vibrio oxaliticus 

Quantitative experiments on growth with various substrates It has already been 
pointed out that V oxaliticus can grow m a mineral medium with oxalate, acetate, 
or pyruvate as the sole energy source Yeast extract also supports growth The 
amount of growth depends upon the substrate and its concentration The data 
presented in table 1 show that, at a given concentration, pyruvate supports the 
heaviest growth, acetate is next, yeast extract third, and oxalate gives the poorest 
growth Pyruvate is more than ten times as effective as oxalate This is no 
doubt a reflection of the different energy contents of the two compounds It 
should be noted that the rate of growth is not necessarily parallel with the cell 
yield Acetate is second only to pyruvate in eflSciency of utilization for cell 
synthesis, but it is metabolized much more slowly than are the other compounds 
studied 

V oxaliticus prefers relatively dilute media With oxalate, acetate, and pyru- 
vate the heaviest growth is obtained at or below 0 3 per cent With yeast ex- 
tract, growth continues to increase with concentration up to about 2 per cent and 
then falls off at higher concentrations The low concentration optimum for 
oxalate might be explained by a need for calcium, which is made progressively 
more unavailable as the oxalate is mcreased There is no obvious explanation 
however, for the similarly low optima with acetate and pyruvate 

Several experiments were done in order to find out what constituent of the 
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yeast extract is used as a growth substrate These experiments have not led to a 
defimte conclusion, but they mdicate that the active constituent is not an ammo 
acid or other mtrogenous compound This may be deduced from the fact that 
no ammoma is formed from yeast extract, and also from the observation that 
growth IS not improved by the addition of casern hydrolyzate, which consists 
largely of ammo acids Acetate, formate, and pyruvate are not present in yeast 

TABLE 1 


Influence of substrate concentration on growth* 


ST7BSTBATZ CONC 

UAXniAL TUMIDITY t 

Dlfco yeast extract 

Potassium oxalate 

Sodium acetate 

Sodium pyruvate 

% 





0 1 

21 

9 

83 5 

118 

0 2 

33 

21 

102 

1S7 

0 3 

51 

25 

78 

235 

0 4 

65 

24 

59 

235 

0 6 

84 



168 


* Medium 1 with the oxalate replaced by the indicated amounts of the various sub 
etrates 

t (2-log G) X 100 Determined with an Evelyn photocolorimeter 


TABLE 2 


Influence of formate and yeast autolysate on growth* 


YEAST EXTiACT 

UAXlUAl. lUIBlDIIYt 

— Fonnate 

+ Formated 

A 

g/lQO ml 




0 

0 

0 

0 

05 

11 

35 

24 

0 1 

21 

56 

35 

0 2 

33 

88 

55 

0 4 

65 

138 

73 

0 8 

121 

143 

22 

1 6 

184 

184 

0 


* Medium 1 was used without oxalate and with the indicated additions 
t (2-log G) X 100 

1 100 mg sodium formate per 100 ml 


extract m suflScient quantities to account for more than a minute fraction of its 
activity 

The utihzation of formate m the presence but not in the absence of yeast ex- 
tract has already been noted This effect was studied in more detail by deter- 
mmmg the mnyirnnl growth obtamed with vanous concentrations of yeast 
with and without formate The data are given m table 2 It can be seen tba 
growth on yeast extract is greatly increased by the addition of formate rur- 
thermore the effect of a given amount of formate increases wuth the concentration 
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of yeast extract up to 0 4 per cent and then falls off to zero at much higher concen- 
trations In a second experiment the yeast extract concentration was kept 
constant at two levels, whereas the formate was vaned over a wide range The 
data presented in table 3 show that, with 0 1 per cent yeast extract, growth m- 
creases with formate concentration up to 0 2 per cent and then dechnes With 
0 4 per cent yeast extract, maximal growth is obtained when 0 1 per cent formate 
IS present, growth decreases progressively as the concentration is raised further 
These results are consistent with the view that formate is an mcomplete sub- 
strate that serves as an energy source but does not provide all the compounds 
essential for cell s 3 mthesis When yeast extract is provided as a source of essen- 
tial metabolites, the energy derived from the oxidation of formate can be used 
with an efficiency that mcreases with the supply of other compounds However, 
the addition of an excess of yeast extract undoubtedly provides other energy 

TABLE 3 


Influence of formate concentration on growth with different amounts of yeast extract* 


SODIUU 70R1£AT£ 

UAXIUAL TtniBIDIXYt 

0 1% yeast extract 

0 4% yeast extract 

l/m ml 



0 

21 

67 

0 1 

49 

108 

0 2 

81 

78 

0 3 

37 

69 

0 5 

25 

49 

0 8 

1 7 

1 

25 


* Medium 1 without oxalate and with the indicated amounts of formate and Difco yeast 
extract 

t (2-log G) X 100 


sources, which make formate superfluous The diminished growth at higher 
formate concentrations may be due to formate toxicity 

As a supplement to formate, yeast extract could not be replaced by any of the 
known water-soluble growth factors, either alone or m combmation 

Respiration of cell suspensions The abihty of cells grown on a medium con- 
taming 0 2 per cent potassium oxalate and 0 1 per cent yeast extract to oxidize 
a number of orgamc compounds was tested manometncally usmg alkah to absorb 
carbon dioxide Only three compounds caused an oxygen uptake greater than 
that of the control without substrate, namely, oxalate, formate, and pyruvate 
The followmg compounds were not oxidized at a measurable rate oxamate, oxa- 
mide, oxalurate, allantom, allantoate, acetate, succmate, and hydrogen 

The respiratory rates on oxalate, formate, and p 3 mivate were determmed using 
cells grown on each of these three substrates The data given in table 4 show that 
the enzymes involved m the utihzation of oxalate and formate are formed to 
about the same extent on all three growth substrates The pyruvate enzyme, 
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also, IS always formed, but its activity vanes considerably with the substrate 
It IS cunous that the highest activity toward p3Tuvate was exhibited bj cells 
grown on formate 

The absolute oxygen uptakes and respiratory quotients observed in the same 
expenment are given in table 5 The values obtamed with the substrates ha\e 
not been corrected for the endogenous respiration The data indicate that oxa- 
late and formate are almost completely oxidized to carbon dioxide With p)'ru- 
vate the respiratory quotient is close to the theoretical value of 1 2, but the 


TABLE 4 


Respiratory rales for cells grown on different substrates 


GBOWIH SUBSTRATE I 

1 




Qoi 

(N) 



Respirauon substrate (0 1 ml it/10 per 2 ml) 

None 

Oxalate 

Fonnate 

Pyruvate 

Yeast extract -f- oxalate* 

81 4 


1 225 


235 


135 

Yeast extract -1- formate* 

148 


( 270 


310 



Yeast extract + pyruvate* 

67 


i 290 


270 


430 


* Medium 1 with 0 1 per cent Difco yeast extract and 0 2 per cent of potassium oxalate, 
sodium formate, or sodium pyruvate 


TABLE 5 

Oxygen uptake and respiratory quotients 


BESPIKAIOBY SOBSIBATE (10 hM) 


GSOWTH SDBSXBATE 

1 

None 

Oxalate 

1 Formate 


Oj up- 1 
take 

RQ 

Oj up- 
take 

RQ 

n 

RQ 

0: upUbe 

RQ 

Yeast extract -f oxalate 

1 60 


4 43 

3 39 

4 61 


(3 32*) 

1 20 

Yeast extract -j- formate 

2 87 1 


5 34 

— 

6 12 

1 75 

12 4 

1 oo 

Yeast extract -f pyruvate 

1 64 


7 17 

3 02 

6 61 

[ 1 60 

10 5 

1 1 J/ 

Theoretical for complete oxidation 

5 0 

4 0 

5 0 

2 0 

25 0 

9 


* The substrate decomposition was incomplete 


oxygen uptake and carbon dioxide production are only about half those require 
for complete oxidation The other half of the pyruvate carbon is probabi) 
assimilated The results are entirely consistent with the behavior of growing 
cultures We have seen that the quantity of cells obtained with pyruv ate is muc i 
greater than with oxalate or formate 

Discmssiox 

Our observations, considered in conjunction mth those of Bassahk, indicate 
that oxalate-decomposing bactena are commonly present in soil This is not 
unexpected in view of the fact that substantial quantities of oxalate are being 
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continually added to soil in plant residues The presence of these bacteria can 
be demonstrated very easily by the use of an enrichment medium containing 
oxalate as the only energy source The isolation of the bacteria m ppre culture 
is somewhat more difficult but is greatly facilitated by the use of a sohd medium 
contaimng crystals of calcium oxalate 

Vibno oxahhcus, which we have isolated from Cahforma and Boston soils, is 
probably closely related to Bassalik’s Bacillus extorquens, isolated m Switzerland 
In spite of its name, the latter organism is a typical Vibno and it should be called 
Vihno extorquens to fit into modem systems of bacterial taxonomy The details 
of the morphology and physiology of the two organisms are, however, sufficiently 
different so that there can be no doubt that they represent distinct species 

Oxalate and formate are veiy simple substrates The removal of two electrons 
from either compound will result m its conversion to carbon dioxide This leads 
to the idea that the metabolism of V oxahticus may be sinular to that of the 
autotrophic bactena in the sense that energy is obtamed by the oxidation of a 
simple compound, whereas the cell materials are built up from carbon dioxide 
There is no a pnori reason why energy for the reduction of carbon dioxide could 
not be obtamed from the oxidation of oxalate just as well as from the oxidation of 
hydrogen or nitrite, for example There is no defimte evidence at present, how- 
ever, in favor of this view We do not know whether m fact V oxahhcus is able 
to utihze carbon dioxide, although this could be deterauned by experiments with 
carbon isotopes There is one bit of evidence agamst the foregomg view, namely, 
the fact that the organism cannot grow with formate alone If carbon dioxide 
can be reduced with oxalate as an energy source, one would expect the same to 
occur with formate Since formate cannot replace oxalate completely, it is quite 
possible that oxalate serves as a starting pomt for synthetic reactions as well as 
an energy source In any event it is clear that the metabohsm of simple sub- 
strates hke oxalate presents many intriguing and fundamental questions for 
which there are as yet no answers 


SUMMARY 

The isolation and characteristics of a new oxalate-decomposmg bactenum. 
Vibrio oxahticus, are described The orgamsm is able to grow on oxalate, pyru- 
vate, and acetate m an otherwise mineral medium Its growth is also mcreased 
by the oxidation of formate in a medium containing yeast extract The oxalate 
and formate enzymes are constitutive, whereas the activity of the pyruvate 
enzyme system varies with the growth substrate Oxalate and formate are 
almost completely oxidized to carbon dioxide, pyruvate is about half-oxidized 
and half-used for cell synthesis 
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RESISTIVITY OF ESCHERICHIA COLI TO ULTRAVIOLET ENERGY 
(X2537) AS AFFECTED BY IRRADIATION OF 
PRECEDING CULTURES 

MATTHEW LUCKIESH and THOMAS KNOWLES 
Lighting Research Laboratory, General Electric Company, Nela Park, Cleveland, Ohio 

Eeceived for publicatiou December 6, 1947 

The question arises from time to time as to the possible effect sublethal dosages 
of germicidal energy may have upon the resistivity to ultraviolet energy of sub- 
sequent cultures of a given organism 

To mvestigate the possibility of such a change in an organism, we chose Es- 
cherichia coll, S A Waksman strain 9637 A 24-hour culture was used m each 
test, 0 005 ml broth culture bemg taken with 4,000 ml 0 87 per cent sahne, and 4 
ml of stenle broth were added for nutriment The diluted E coli suspension was 
placed in a large open-top petri dish to a depth of 1 mch A source of germicidal 
energy (X2537) with a mechamcal shutter was placed above the dish at a pomt 
that provided an mcident intensity of ultraviolet energy (X2537) of 50 micro- 
watts per sq cm The remamder of the E coli suspension was retamed as an 
umrradiated control It has been shown that the ultraviolet energy of X2537 is 
m the spectral region of maximal germicidal effectiveness (Luckiesh, 1946) 

The test solution was irradiated for 0 4 mmutes This exposure produced a 
dosage of 20 Et (intensity E of energy of X2537 m microwatts per cm* tunes 
exposure-time t m mmutes) at 50 mw per cm* A sample of 1 ml was then taken 
from both the test and control suspensions and a poured plate of each was made 
immediately The test solution was then given a second exposure of 0 4 mmutes, 
makmg the total accumulated dosage 40 Et, and another poured plate was made 
from each of the test and control solutions This process contmued, methodi- 
cally mcreasmg the exposures until the final dosage was 250 Et On observmg 
the culture plates after 24 hours of mcubation, we noted that no colomes survived 
m test samples receivmg 120 Et or more 
A colony developmg from a test sample survivmg the highest sublethal dosage 
(100 Et) of germicidal energy was then used to moculate a subculture called 
stram UV-1 A parallel subculture was made from a colony developmg from an 
umrradiated sample This was called stram 1 Stram UV-1 and stram 1 were 
incubated under identical conditions Tests of resistivity to ultraviolet energy 
of X2537 were made on these two strains by the method already descnbed Ob- 
servation of the results of the resistivity test on stram UV-1 mdicated that no 
organisms survived a dosage of 200 Et, but a few survived 180 Et A colony 
survivmg this highest sublethal dosage was used to moculate stram UV-2 The 
previously umrradiated stram 1 showed no colomes appearmg m cultures receiv- 
ing a dosage of 100 Et and above 

This irradiation and subculturmg process was repeated 5 times, each time the 
subculture for the next resistivity test on the irradiated stram bemg moculated 
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from a colony developmg from an organism sm-vivmg the highest sublethal dosage 
of germicidal energy The subculture for the control strain was made in each 
test from an unirradiated culture sample The average resistivity curves of 
irradiated and imirradiated strams are shown in figure 1 The resistivity curves 
obtained m these five series of tests did not differ markedly This fact is aho 



Fig 1 Average Death Rates of Irradiated and Unirradiated Strains op E col 
AFTER Various Dosages Et of Ultraviolet Energy of X2537 
Dosages that result in a high percentage killed are about twice as great for the irradiated 
strains as for the unirradiated strains 


TABLE 1 


Relative dosages of germicidal energy required for 100 per cent kill of irradiated and 
unirradiated strains of Escherichia coli 


STRAIN KO 

IBKAOIATEO 

5TZA2H KO 

pazvioDsiY umimadiaieb 

UV-l 

200 Et , 

1 

100 Et 

UV-2 


2 

100 

UV-3 


3 

120 

UV-4 

200 

4 

120 

UV-5 

200 

5 

100 

UV 6 

190 

6 

120 


indicated by the data m table 1 in -which the minimum dosage is shown for 100 
per cent kill for the strams designated “irradiated” strains UV'’-! to UV-S an 
“unirradiated” strains 1 to 5 Values above 99 5 per cent kill were taken aa 1 
per cent for simphcitj ot interpretation of the data It is seen that the appaa’nt 
resistmty of the “irradiated” strams is, on the average, nearly twice that of the 
“previously unirradiated” strams 
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After observation of the increase in resistivity of the irradiated strains UV-1 
through UV-5 as compared with the previously umrradiated strains 1 through 5, 
expenments were made to determme whether by repeated subculturing without 
additional exposure to germicidal energy the irradiated stram would return to its 
ongmal resistivity or maintain its apparent change Both strains were sub- 
cultured under identical conditions through 6 successive transfers over a penod 
of 20 days, after which a germicidal irradiation test was run on these strains, 
herein identified as subculture 6 in table 1 

Table 2 presents the relative resistivities, as mdicated by the percentage 
killed by a dosage of 100 Et, for the irradiated and previously umrradiated strains 
of E coll 

The germicidal energy produced a more resistant form m the irradiated strain 
Colonies growing on Levine’s eosine methylene blue agar showed less typical 
greenish metallic sheen than did the umrradiated strain After storage of cul- 

TABLE 2 


The relative reaisltvilies of the irradiated and umrradiated strains of Escherichia colt 
indicated by the percentage of kill with a dosage of 100 Et 


ISRAOIATED STRAINS 

PREVIOUSLY UNIRRADIATED STRAINS 

Strain no 

Per cent kill | 

Strain no 

Per cent kill 

UV-1 

69 

1 

100 

UV2 

85 

2 

100 

UV-3 

83 

3 

99 

UV-4 

86 

4 

99 

UV5 

79 

5 

99 5 

UV-6 

1 

67 

1 

6 

99 


tures on E M B of the irradiated strain for 5 days at room temperature, the 
colomes became mucoid and purple in color, losing all traces of metafile greemsh 
sheen, whereas E M B cultures of the previously umrradiated stram mamtamed 
typical colony appearance Nme biochemical reactions were mvestigated 
These mcluded the methyl red test, the production of mdole, and the fermenta- 
tion of lactose, maltose, xylose, manmtol, glucose, sucrose, and dulcitol The 
only difference noted bet\veen the two strains was that the irradiated strain did 
not ferment dulcitol, whereas the umrradiated stram did, producing acid and gas 

DISCUSSION AND SUIDLARY 

Irradiated cultures of Escherichia coli developed greater resistivity to measured 
sublethal dosages of germicidal energy than umrradiated cultures The greatest 
mcrease observed m the resistivity of the irradiated strains of E coli was approxi- 
mately 100 per cent Stated m another manner, the minimum dosage Et neces- 
sary to effect a 100 per cent kill of the irradiated strains was about twice the 
mmimum dosage necessaiy to effect a 100 per cent kill of the umrradiated strains 

The theory could be advanced that the mcreased ultraviolet resistivities of E 
coll strains UV-1 to UV-6, mclusive, compared with previously umrradiated 
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strains, 1 to 6, as shown in table 1, were not caused by ultraviolet uradiation but 
by inoculating strain UV-1 with an organism of much higher resistivity than that 
of the average orgamsms m the S A Waksman strain 9637 If this were true, 
one might expect the irradiated strams, UV-2 through UV-6, to follow the same 
pattern in resistivity The authors do not beheve that strain UV-1 was started 
from an abnormally highly resistant organism for, as shown in table 1, no organ 
isms m strains 1 through 6 survived a dosage over 120 Et We, therefore, feel 
that no more highly resistant organisms existed m the onginal strain and that the 
increased resistance of strains UV-1 to UV-6, inclusive, was due to irradiation 
with ultraviolet energy m the spectral region of X2537 
It would be of considerable mterest to investigate the possible variation of an 
orgamsm from strains receivmg lesser sublethal dosages than those used by the 
authors Another vanation would be to study strains receiving the same dosages 
as those used m the present investigation but at much lower levels of energy in 
tensity Such treatment may produce significant differences in the microorgan 
isms to affect their metabohsm and pathogemcity 

We acknowledge the technical skill of E T Leppelmeier in prosecuting thcac 
investigations 
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DefaUe (1902), Mellon and Anderson (1919), Howie and Crmckshank (1940), 
Lamanna (1940a, h), and Bekker (1944) have reported that bactenal spores are 
capable of inducing the formation of specific antibodies and give no evidence m 
agglutinin-absorption experiments of possessing antigens related to vegetative 
cells In contrast to these findings is the work of Krauskopf and McCoy (1937), 
■v\ho, usmg alkah-treated spores of Bacillus ntger to prepare antiserum, found a 
serological relationship of spores to vegetative cells They concluded that spores 
did not possess antigemc factors not found m vegetative cells The present 
senes of experiments has been directed toward a more complete understandmg 
of the spore m its antigenic relation to its mother cell and toward the reconciha- 
tion of the data of ICrauskopf and McCoy with the experience of other mvesti- 
gators 

Cross agglutmation between spores from various species, which would require 
a complex antigenic structure for the spore, has been demed by Bekker (1944) 
On the other hand, DefaUe (1902) and Lamanna (1940&) have reported some evi- 
dence suggestive of such cross reactions, a finding which is developed further m 
this paper 


MATERIALS AND METHODS 

The strains used were Bacillus cereus C3, Bacillus subtilis, Ford stram S8, 
Bacillus vulgatus, or Marburg stram of Bacillus subhlis C4, Bacillus agn 13, 
Bacillus brevis, Ba8 (4), a stram kmdly supphed by Dr K L Burdon, Bacillus 
sp B40 (otherwise identified as B brevis by Smith, Gordon, and Clark, 1946) , 
Bacillus sphaencus var fusiformis A20, identified by Smith, Gordon, and Clark 
Unless stated otherwise, the identifications are our own 
Antisera to spores, vegetative cells and H and 0 antigens were produced m 
different rabbits by givmg a senes of 5 to 7 mtravenous mjections of 0 5 to 1 ml 
of the matenal contammg 50 to 200 nulhon cells Vegetative cells were grown 
overnight fresh for each injection H antigens were prepared by the addition 
of 0 2 per cent formalm to a suspension of washed vegetative cells O antigens 
were prepared by boihng a suspension of washed vegetative cells for 2h hours 
Spore suspensions were obtamed by seeding the cultures on asparagmate agar 
(Howie and Cruickshank, 1940), or beef extract agar (Lamanna, 1940a, b), and 
incubating for about 2 weeks at 34, 37, or 45 C dependmg upon the stram Spor- 
ulation was m general more rapid and complete on asparagmate agar, although 
there was some vanation among the species in this regard Spores were washed 
thoroughly with sahne and stored at 0 C The same suspension was used for 
injections, agglutmation tnals, and absorptions 
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Precipitinogens were prepared by either the formamide extraction method ol 
Fuller (1938) or the acid extraction method (Lamanna, 1942), and sometimes by 
both methods The precipitin reaction was set up as a quahtative rmg test 
The antigen was layered over the antiserum, and the appearance of a nng of 
flocculus by the end of an hour at 37 C, or overnight at 0 C, was considered posi 
tive Proper control tubes were included 

Spore agglutinations were read with ease when the shaking method of La 
manna (1940a) was employed 

Techmcal difficulties encountered in working with this genus included spon- 
taneous clumping of vegetative cells, B cereus and B brevis were the worst 
offenders in this respect Though young cultures grown on nutrient agar were 
used frequently with success, occasionally they would unaccountably clump 
The clumps were allowed to settle to the bottom of the suspension before the 
preparation was used 

The possibility that there may be vegetative cells, or antigenic remnants of 
them, m the spore suspensions is undeniable In fact, bacillary forms could 
sometimes be seen microscopically Conclusions as to spore-vegetative cell 
cross reactions were, therefore, based largely on expenments in which spores were 
used only as agglutinative antigens, and the antisera were prepared against living 
fresh vegetative cell material There is little danger of accidentally including 
spores m properly prepared vegetative cell vaccine 

EXPERIMEOTAIi RESULTS A.XD DISCUSSION 

After the first senes, or the first several series of injections, rabbit antisera to 
vegetative cells and to H and 0 antigens contained no demonstrable antibody 
against the homologous spore antigens (table 1) Prolonged immunization with 
hving vegetative cell vaccine was then undertaken and found to produce an anti 
body that would agglutmate the spores, although in low titer In general, the 
highest antispore titers accompamed the highest antivegetative-cell titers (tab e 
2) These results suggest that there is present in the vegetative cell, m verj 
small amounts or otherwise obscured, an antigen that also occurs in the spores 
Vegetative cells of B niger -were found by Krauskopf and McCoy to mduee 
antibody against spores To test their observation in reverse, these authors uaC 
a spore antiserum produced by injection of potassium-hydroxide-treated spores 
This antiserum contained vegetative cell antibody and no specific spore aiitib > 
They concluded from agglutmation and agglutmm-absorption expenments t la 
there were only antigemc factors common to the two stages As a check on 

work, we tried alkah treatment with spores of C3 

Potassium hydroxide in a final concentration of 5 per cent was left in contact 
with the spores until they would take a carbol fuchsin stain without hcatinj, 
This required about 6 hours, a considerably longer time than that used bv Krau- 
kopf and McCoy The treated spores were washed three times with 0 8) pcf 
cent saline solution and used for injection into one rabbit CrosS agglutination 
and reciprocal cross-agglutinm-absorption expienments were performed 'itn 
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antiserum from this rabbit and with an antiserum to vegetative cells of the same 
strain The results obtained aie showm in figure 1 The entire block shows the 
titer of the unabsorbed serum The solid fraction of the blocks indicates the 
titer after absorption 


TABLE 1 

Agglutination tests with vegetative, 0, H, and spore antigens against vegetative, 0, and H 

antisera 


ADTISEItmi 



C3 V 

C3 H 

C3 O 

C4-V 

C4-H 

C4-0 

\ntigen 

Titer* 

C3-V 

256 

i 

C3-S 

0 

C3 H 
4096 

C3-0 

0 

C3 S 

1 0 

C3 H 
0 

C3 O 
512 

C3-S 

0 

C4-V 

1024 

C4-S 

0 

C4-H 

2d6 

C4-0 

64 

C4-S 

0 

C4-H 

128 

C4-0 

4096 

C4-S 

0 


V, vesetative cells 
S spores 

• Highest dilution of serum m which agglutination occurred 


TABLE 2 


Appearance of spore antibody in vegetative cell antisera as a result of 
long continued immunisation 


VEGETATIVE CELL 
ANTISESUU 

NTIitBEE OP INXECnON SEEIES AND DATE OP 
BLEEDING* 

HONOLOCODS VEGE > 
TATIVE CELL TITEB 

aONOLOGOUS SPORE 
TITER 

Rabbit no 13 

1— Sept 11, 1946 

256 

0 

C3-V 

2— Sept 27, 1946 

512 

8 


3— Oct 30, 1946 

8,192 

0 


4— Feb 2, 1947 

8,192 

256 


5— April 27, 1947 

8,192 

128 


6— July 14, 1947 

8,192 

256 

Rabbit no 19 

1— Sept 27, 1946 

256 

0 

C3-V 

2— Oct 30, 1946 

8,192 

0 


3— July 14, 1947 

8,192 

128 

Rabbit no 16 

1— Sept 21, 1946 

16 

0 

S8 V 

2— Oct 30, 1946 

256 

4 


3— Feb 3, 1947 

1,024 

64 


4— April 25, 1947 

64 

8 


5— July 14, 1947 

512 

4 


* Each injection senes consisted of 6 to 7 intravenous injections of antigen The date 
of bleeding was approximately 10 days after the last injection of the series 


Antibody against spore and vegetative cell antigens was present m both sera, 
the titer bemg highest with the homologous antigen Since the rabbit immunized 
to the vegetative antigen had received repeated series of mjections of this mate- 
rial, the cross reaction with the spores is not surprismg One senes of mjections 
was used with the rabbit receiving alkali-treated spores, yet the vegetative cell 
titer was one-fourth that of the spore titer This is worthy of attention, first. 
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because, jaccording to Krauskopf and McCoy, any free vegetative cell material 
in the KOH-treated spore vaccine would be eliminated by the treatment, and, 
second, because antiserum produced m a rabbit in response to three senes of m- 
jections of imtreated spores showed a vegetative cell titer only that of the 
homologous spore titer Evidently a vegetative cell antigen does exist in the 
spore, but m such a position or condition that rigorous treatment is reqmred to 
expose it 


C3-S KOH ANTISERUM C3-V ANTISERUM 


ABSCR 

8CNT 

TEST 

ANTMCH 

FIHAL SERUM DILUTIONS 

. o e 
<a .. 7. ^ « 

C3 V 

C3-V 

• Z=3 

C3-S 









KOH 



C3-V 

1 

C3-S 



C3-S 

■ 1 


C3-S 



I 


KOH 



C'S-V 

BTB 1 





C3-S 

1 


C3-S 



1 


KOH 



AASOft 

BENT 

TEST 

INTIEEN 

FINAL SERUM DILUTIONS 


C3-V 

03-V 

C3-S 

03-S 

KOH 


ed 





C3 V 


03 5 
KOH 

03-S 

03 S 
KOH 


bmhh' ' 






C3*V 


03 S 



C3“5 

1 

C3 S 
KOH 



Fig 1 Agglutinin Absorptions of C3-V and C3 S KOH Antisera 
Entire block represents titer before agglutinin absorption Solid portions are titer 
after absorption 


Absorption of the antiserum against alkah-treated spores wnth vegetative celk 
partially removed antibody against treated and untreated spores Absorption 
wnth untreated spores remo\ ed antibody to both treated and untreated sporc=, 
and to vegetative cells, though results \vith the vegetative cells were not con- 
sistent on repetition Our results differed from those of Krauskopf and McCoi 
chiefly m the absorptive eflBciency shown by the alkab-treated spores In the 
present study, the KOH-treated spores were able to induce and to absorb anti 
body to treat^ and untreated spores, and to vegetative cells, whereas treated 
B niger spores would induce antibody against all the antigens, but only absorb 
antibody to themselv es Thus, one or more antigemc components, demonstrable 
b> in iitro methods m the case of C3, became evident only upon animal inocub 
tion when B ntger was used Either a species ehffercnce or the longer expo;U'’i- 
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to alkali of the spoies of C3 may account for this difference between our results 
and those of Krauskopf and McCoy With both organisms alkah treatment has 
permitted detection of an otheiwise obscured antigemc relationship between 
spores and parent vegetative cells In view of these results and the fact that 
I^rauskopf and McCoy did not use untreated spores to prepare a spore anti- 
serum, their further conclusion that specific spore antigens do not exist appears 
to be unwari anted 

The gieat complexity in the antigenic pattern of the spore became even more 
evident when a study of interspecies agglutination was undertaken The re- 
sults are recorded in table 3 These data reveal that spores as well as bacillary 
forms are capable of agglutmation with antisera prepaied agamst material from 
other species That this has gone unnoticed m the work of others (Howie and 
Cruickshank, 1940, Bekker, 1944) is probably due to the fact that species too 
distantly related have been used in the attempted demonstration For example, 
C3 antispore serum will not clump C4 or S8 spores, but does agglutmate B 
brevis and B40 spores to a titer appioaching the homologous system 


TABLE 3 

Heterologous spore agglutination 


AKTISEBTTU 

SPOaZ ANTIGENS 

C3 S 

Ba8 (4) S 

13 S 

A20 S 

C3-S 

4,096* 

2,048 

0 

4,096 

13 S 

64 

128 

512 

4 

BaS (4)-S 

2,048 

2,048 

16 

1,024 


* Highest serum dilution in which agglutination occurred 


Extensive heterologous absorptions will be necessary to determme the number 
and various specificities of the spore antigens It is already clear, however, that 
one of the strains, C3, contains at least three surface antigens Two of these 
are involved m cross absorptions with B40 (table 4) An antigen common to 
the C3 and B40 spores is responsible for reciprocal cross-agglutination reactions 
Absorptions show that there is a second antigen in C3, not absorbable by B40 
spores A third component is indicated by agglutmations with stram 13 In 
this case, C3 spores are clumped by anti-13 spore serum, whereas the spores of 
stram 13 are not clumped by anti-C3 spore serum This dispanty m cross ag- 
glutmation can be interpreted to mean that the antigen held in common by the 
two strains is located on the surface of the C3 spores but is absent from the sur- 
face of stram 13 spores 

Precipitatmg antibody is mduced by spores and can be demonstrated by the 
use of precipitmogens prepared by either acid (Lamanna, 1942) or fonnamide 
extraction of spores To study the relationship of the precipitmogen to the 
agglutinogens of spores and vegetative cells, quahtative precipitm tests were 
performed on spore and vegetative cell antisera before and after absorption by 
spores and vegetative cells (table 5) Agglutmms and precipitms were simul- 
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TABLE 4 


Antigenic relation of CS and BJfl spores 



ABSOS 

PH 




FINAL SERUit DILUTIONS— 

1 




ANTISEHUM 












c* 



■ 

4 

S 

Id 

32 


ns 

2S6 

512 

1 024 

2 (HS 


C3 S 

None 

C3 


+ 

+ 

+ 


+ 

+ 


+ 

+ 




B40 


+ 

+ 

+ 

+ 

+ 

+ 


— 

— 

- 


B40 

C3 

B40 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

H 

sl + 


- 

B40 

None 

C3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

— 

! 

' - 



B40 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

— 

— 


C3 

C3 
















_ 

— 

- 



B40 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

— 

— 


* Control tube 


TABLE 5 


Tests of absorption of agglutinins and precipitins from vegetative and spore antisera 

by agglutinogens 




ACCLUTXNATIOSS 

P2£CIPITAI10HS 

ANTISESU2I 

AfiSOEBEVT 

Homologous \eg 
etative titer 

Homologous 
spore titer 

Homologous veg 
eUtive antigen 

Homologo lU 
spore antigen 

SS-Vno 22 



4,096 

64 

-f- (F) 

-1- sl (F) 

7-14-17 

ss-v 

0 

0 


0 


ss s 

4,096 

4 

+ si* 

0 

S8 S no 7 



256 

256 

-I- si (F) 

+ (F) 

7-14-47 

ss V 

0 

256 


+ 


ss-s 

64 

0 

-f si 

0 

C3-Vno 13 



4,096 

0 

+ (F)(A) j 

0(F)(V) 

10-30-46 

C3-V 

0 

0 


0 


C3 S 

4,096 

0 

+ 

0 

C3 S no 9 

_ 

0 

256 

+ (F)(4) 

' -f (F)(1) 

11-7-46 

C3-1" 

0 

256 


0 


CSS 

0 

0 

0 

0 

13-V 



4,096 

61 

+ (A) . 

0 i\) 

S-11-47 

13-V 

0 

64 


0 


13 S 

4,096 

0 

+ 

0 

13 S 

— 

12S 

12S 

0 (V) 

-r (V) 

7-25-47 

13-V 

0 

123 

0 

T al 


13 S 

16 

10 


0 


* si, sljghtlj posUi%e, (F), formanude extracts, acid extracts 
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taneously and specifically absorbed, that is, vegetative cells absorbed vegetative 
cell agglutinins and precipitins, whereas spores absorbed all and only spore 
antibody 

Absorption of agglutinins by precipitinogen was successful m two cases Two 
S8 antispore sera, different bleedings from the same rabbit, were used Absorp- 
tion with formamide-extracted precipitinogen completely removed the antispore 
agglutinin titer (table 6) This procedure was not always so successful as for 
the case recorded in table 6 The difficulty mcreased as the agglutmin titer 
became higher, part, and sometimes all, of the agglutmin titer remammg even 
when further addition of precipitinogen caused no precipitate to appear Thus 
in these cases after complete removal of precipitin even the presence of excess 
precipitinogen did not suppress or inhibit the agglutination reaction The 
hkehhood that the precipitmogen is a haptene fraction of an agglutinogen is 
suggested by the complete susceptibihty of the precipitatmg antibody to removal 
by absorption by agglutinogen That not all the agglutinogens possess the e\- 


TABLE 6 

Absorption of agglutinins and precipitins from spore antisera by precipitinogens 


ANTISEKUU 

ABSORBENT 

\ AGGLUTINATIONS 

PRECIPITATION 

Homologous vegetative 
titer 

Homologous spore 
titer 

Homologous spore 
antigen (F) 

S8-S 


32 

128 

+ 

2- 3-47 

S8 S (F) 

64 

4 

0 

S8S 

— 


128 

+ 

4-25-47 

S8 S (F) 


0 

0 


(F), formamide extract 


tractable carbohydrate haptene is concluded from the cases in which the pre- 
cipitin absorption was incapable of senously reducmg the agglutimn titer 
The biological sigmficance of the data presented lies m the demonstration of 
the antigemc complexity of the bacterial spore Like all other hvmg cells the 
spore proves to be composed of a mosaic of antigens Some of these antigens 
are charactenstic of the spore, whereas others are held m common with the parent 
vegetative cell The fact that the spore does possess antigens not found m 
vegetative cells provides defimte evidence of important chemical differences m 
the composition of complex organic molecules of spores and vegetative cells 
The demonstration of carbohydrate haptene material pecuhar to spores means 
that the carbohydrate as well as the protem composition of spores is a proper 
field of study m any attempt to determme the chemical basis for the umque 
charactenstics of the spore with regard to resistance and viabihty The anti- 
gemc differences and relations between spores of vanous species possibly indicate 
a fertile and relatively ignored field of study for taxonomic purposes From the 
medical point of view, the distmct antigenic quahties of bactenal spores make it 
theoretically necessary to consider immunity against spores apart from immuni ty 
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to vegetative cells m any serious attempts to understand mfection by spore- 
formers, and in the development of proper specific prophylactic procedures 
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CONCLUSIONS 

The bacterial spore has an antigemcally complex structure, a complexity e\- 
tendmg to the cell surface The spore possesses antigens characteristic of itself 
as well as others held in common with the parent vegetative cell 
An agglutimn for spores can be demonstrated m anti-vegetative-cell serum, 
and by the mjection of alkali-treated spores to prepare antiserum a vegetative 
cell agglutinogen can be shown to exist m spores The location of these common 
agglutmogens mostly inside the spore is suggested by two facts, first, that special 
procedures such as alkah treatment or extended immumzation, are required to 
discover them, and, second, that absorption by untreated spores is specific for 
spore agglutinins, and absorption by living vegetative cells is specific for the 
vegetative cell agglutinins 

Carbohydrate type haptenes that will yield precipitates in the precipitin 
reaction may be isolated from spores The location of precipitmogens on the 
spore surface is probable, since absorption of agglutimns will also remove pre- 
cipitm 

Cross reactions between spores from different species can be demonstrated by 
the agglutination procedure when closely related orgamsms are used 
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Immune defense generally results from a combmation of bactenal antigen 
and homologous antibody with the possible intervention of l 3 dic reactions de- 
pendent on complement and host phagoc 3 rtes The formulation of such a 
general concept as this, of course, reveals httle about the responsible biochemical 
mechamsms concerned Defimtion of these mechamsms challenges the present- 
day research worker One such mechamsm advanced by Sevag (1945) and others 
IS the inhibition of bacterial enzymes through combmation with specific antibody 
Whether oxidative enzymes are mcluded m such inhibitions has not yet been 
determmed experimentally, but a pnon one might reject their participation if it 
is assumed they are entirely withm the cell These experiments were made to 
provide information on this phase of the main problem of the production of 
antibody to oxidative enzymes 

MATERIALS AND METHODS 

Typhoid cultures and the estimation of the weight of Eberthella typhosa in relation 
to bactenal turbidities Stock cultures of Eberthella typhosa, the nonflagellate 
laboratory strain 0-901 and the flagellate stram H-901, were preserved m the 
refngerator and transferred monthly to a fresh extract agar slant Tryptose 
broth moculated from such stocks was mcubated for 8 hours at 37 C, and one 
loopful was used to inoculate 150 ml of extract broth, pH 7 0 After mcubatmg 
for 16 hours the cells were recovered by centrifugation, washed once with 15 ml 
distilled water, and then uniformly suspended m distilled water Withm cer- 
tam hmits the dry weight was proportional to the turbidities of this suspension ' 
(m the range of 14 to 70) when measured in a Klett-Summerson colorimeter with 
filter 42 The hnear portion of the standardization curve had a slope corres- 
pondmg to one turbidity umt equivalent to 0 0141 mg bacilh m 10 ml suspension, 
accordingly, a turbidity of 70 of 10 ml suspension equaled 1 mg, which cor- 
responded to 3 X 10’ bacilh by plate count 

Measurement of oxygen consumption A uniform bacterial suspension was 
prepared m 0 033 m phosphate buffer, pH 7 2 The turbidity was deter min ed 
as above by diluting 0 2 ml of the suspension to a volume of 10 ml m a standard 

” This mveatigation haa been aided by a grant from the Joaiah Maoy, Jr , Foundation and 
a grant from the Committee on Therapeutic Research, Council on Pharmacy and Chemistry, 
American Medical Association 

” With the assistance of Evelyn R Baker 
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tube with phosphate buffer The heavier suspension was diluted until 0 2 
ml of final suspension in a volume of 10 ml gave readings corresponding to tur- 
bidities mdicated m the tables as zero hour values 
Digestion of antibody from agglutinated bacilli Bactenal turbidities of the 
agglutinated systems in the presence and absence of complement were determined 
after the agglutinated bactena were digested with activated papain to remove the 
antibody (Rosenheim, 1937, Kalmonson and Bronfenbrenner, 1943) Four 
grams of papam (Merck) m 100 ml of 0 066 m phosphate buffer, pH 7 2, were 
shaken mechamcally for 90 mmutes and then filtered through a filter paper and 
a Seitz E K filter The filtrate, pH 6 9, was the stock solution The papam 
was activated just before use by diluting the stock solution with an equal volume 
of 0 066 M phosphate buffer, adding 0 5 ml of 0 2 si cysteine hydrochloride per 
10 ml, and incubating at 37 C for at least 60 minutes (final pH 6 65) 

At the conclusion of an expenment, the grease on the inside of the mouth of 
the Warburg flasks was removed by a swab dipped into xylol but free from excess 
xylol The contents of the flasks and the washmgs, usmg 2 5 ml of phosphate 
buffer, were centrifuged m an angle centrifuge for 15 minutes at 5,000 rpm The 
supernatant fluids were poured off, and the sediments were washed with 4 ml 
of phosphate buffer and recentnfuged The sediments were then treated with 
3 5 ml of 0 033 si phosphate buffer and 1 5 ml of activated papain solution and 
shaken Digestion was carried out in a 37 C water bath for 30 to 40 minutes 
with vigorous shakmg every 10 minutes The contents were diluted to 10 ml 
volume with phosphate buffer and turbidities determined As a control, a 
buffer solution contaimng papain was treated m the same manner 

Preparation of immune serum White rabbits, each sveighmg 5 pounds, were 
immunized by intravenous mjections of formalin-killed broth cultures of E 
iyphosa Tw o-tenths ml of culture were used for the first injection The inocu- 
lum gradually increased to 1 5 ml at the end of the sixth day Injections were 
then made every other day for 5 days, usmg 2 ml of culture per injection The 
specific immune serum vs the flagellate strain H-901 agglutinated H-901 cells 
to a titer of 1 20,000 and 0-901 cells to a titer of 1 5,160 The serum prepared 
against the aflagellate stram 0-901 agglutinated 0-901 cells to a titer of 1 10,000 

and H-901 cells to a titer of 1 1,280 The immune sera were bottled under asep 
tic conditions and inactivated at 56 C for 30 mmutes No preservative was used 
Serum from the same rabbit wms obtamed before injections, bottled, and m- 
activ ated, and it serv ed as the control as indicated m the tables 

Complement Fresh rabbit or guinea pig serum used for complement was ob- 
tained by bleeding the ammal, collecting the serum, freezing overnight, and thaw 
mg before use The complement activity of rabbit sera varied coiiaiderablj , 
the best hemolytic titers rangmg from 1 25 to 1 42, pooled guine i pig i>Lra were 
fairlv uniform wnth a titer of about 1 200 Since the source of tornplcnicnt 
apparentlv does not influence the respiration (see table 1), guinea pig compk- 
ment was pnncipall> used 

Calculation oj Qo_ lalue^ of oxygen consumption by agglutinated and ly-^‘d lac- 
Urial fraction^ in complement-fixing systems Previous attempts b} i n 
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vestigators (Sevag, 1945) to demonstrate an inhibitory effect by antibacterial 
immune sera on the aerobic and anaerobic respiration of bactena have yielded 
results of uncertain value because of technical difficulties that anse from the 

TABLE 1 


Inhibilion of the oxygen consumption tn the presence of glucose by E typhosa, strain 0-901, 
by the action of antibody and complement a comparison of the activities of 
rabbit and guinea pig complements 


xm£ 

1 

BACTERIAL TUMIDITIES* 

Qojt Oi/hod»/mc bacuxi) 

bactt.lt lvsed} 

CHANGE IN Oa 
UPTAKE B\ LYSED 
BACILLI 

Rabbit 

complement 

Guinea pig 
complement 

Rabbit 

complement 

Gumea pig 
complement 

Rabbit 

comple- 

ment 

Gumea 

pig 

comple- 

ment 

Rabbit 
comple- 1 
ment 

Gumea 

pig 

comple- 

ment 

Nonnal 

rabbit 

serum 

^ Anti 
serum 

Normal 

rabbit 

serum 

^ Anti 
serum 

Nonnal 

rabbit 

serum 

1 Anti 
' serum 

1 (lysed 
bacilli) 

1 Normal 
rabbit 
serum 

Anti 

serum 

(lysed 

bacilli) 

mtft 






■1 



% 

% 

% 

% 

0 

23 

23 

23 

23 

— 

Hi 

— 

— 

— 

— 

— 

— 

■ail 

23 

S 

23 

8 

246 

E9 

282 

226 

65 2 

65 2 

12 0 

20 0 

90 1 

23 

5 

24 

5 

23S 


254 

116 

78 2 

78 2 

50 4 

54 3 

^1 

23 

3 

25 

1 

211 

70 

211 

74 

87 0 

94 0 

66 8 

64 9 


Each of the respiratory systems representing columns 2, 3, 4, and 5 contained 0 2 ml 
of 10 per cent glucose, 0 2 ml of E typhosa, 0-901 strain, having a turbidity represented by 
the zero hour turbidity readings, 1 9 ml m/ 30 phosphate buffer of pH 7 2 The volume of 
undiluted complement added, as indicated, was O 1 ml, giving a final dilution of 1 25 in 
the system As indicated, the volume of 1 10 dilution of antiserum or normal rabbit serum 
was 0 1 ml, giving a final dilution of 1 250 in the system (The agglutinating titer of the 
immune serum was 1 10,000) A dilution of 1 250 was found to be the optimal dilution 
for lysis when the turbidity of the culture was 23 and the final complement dilution 
was 1 25 

The center cup of the Warburg flask contained a roll of filter paper wetted wnth 0 3 ml 
of 20 per cent KOH to absorb the COi produced dunng the respiration 

* One umt of bacterial turbidity measured with the Klett-Suinmerson photoelectric 
colorimeter (filter no 42) is calculated to be equal to 0 0141 mg bacilli 

t QOi values were similar for the systems contaimng (a) bacilli -f- normal rabbit serum 
with active or inactive complement, and (b) bacilli antiserum -with inactive complement 
The Qoi values for the lysed bacilli in systems containing antiserum -f- active complement 
were calculated as described on page 3a 

t The turbidity reading of the inoculum at 0 hour was compared with the readings given 
in columns 3 and 5 

absence of a practical method for the estimation of the weight of bactena present 
m agglutinated bactenal clumps * The manner m which the methods descnbed 

’ Oldfelt (1942) has recently attempted without success to deternune the relative amounts 
of bacterial and antibody nitrogens present in agglutinated bacterial clumps, in a manner 
comparable to the techmques used by Heidelberger and Kabat (1934, 1936) for the deter- 
mination of the amount of antibody combmed with agglutinated bactena Oldfelt re- 
sorted, therefore, to the use of high dilutions of immune serum, and an excess of comple- 
ment Under these conditions he stated that he found no mcrease m the mtrogen content 
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above are applied to the actual data is illustrated by the following detailed 
calculation 

Calculalton of mm} Ot/hour/mg {Qaf) of lysed and unlysed bacterial fractions in complement 
fixing systems The turbidity of bacteria m lytio and nonl 3 rtic systems was measured after 
papain digestion with the Edett-Summerson photoelectric colorimeter using no 42 filter 
A turbidity of 70 corresponds to 1 mg bacilli, or a unit turbidity represents 0 0141 mg bacilli 
The following is a detailed example of the calculations used in this study 
A Bacterial turbidity in the reaction systems at zero hour was 23 
Fifteen mmutes after zero hour the following results were obtained 
B Bacilli -h normal rabbit serum + active complement Turbidity == 26, mm* 0i con 
sumed = 35, mm* O^/umt turbidity = 1 34 
C Bacilli immune rabbit serum + inactive complement Turbidity =» 25, mm* 0i 
consumed = 30, mm* 0;/unit turbidity = 1 20 
D BaciUi + immune rabbit serum + active complement Turbidity *=■ 15, mm* 0i 
consumed = 31, mm* 0;/umt turbidity, see below 
Calculation of Qo, of the reaction system B 

Mg baedh/umt turbidity X 26 = mg baciUi m system B, or 0 0141 X 26 =» 0 3666 mg 
bacilli 

Mm* Oj consumed by system B/0 3666, or 35/0 3666 = 95 mm* Oj consumed by 1 mg bacilli 
in 15 mmutes 

Therefore, Qoi = 95 X 60/15 = 380 mm* Oj/hr/mg bacilli 
Calculation of Qq, of the reaction system C 

As m B, 0 0141 X 25 = 0 3525 mg bacilli present in system C 

Mm* Oj consumed by 0 3525 mg bacilli was 30, or 30/0 3525 = 85 mm* Os/mg bacilli/15 
minutes 

Qoi = 85 X 60/15 = 340 mm* Oj/hr/mg bacilli 
Calculation of Qoj of lysed bacilh of the reaction system D 

Since the Qoi values in system B containmg bacilh and normal rabbit serum + seti\o 
complement and m system C containmg bacilli + imm une rabbit serum + inactive com 
plement are simdar, the assumption is made that the unlysed bacilli m system D use the 
same volume of Oj, per imit turbidity, as the bacilli m systems B and C Therefore the 
calculation of Qo, value for the lysed bacilli m system D is based on a comparison wit 
sj stems B and C 

Ljsed fraction of bacilli corresponds to the difference between the bacterial turbidity 23 
at zero hour and the turbidity 15 measured, for example, after a 15 mmute 
period 23 — 15 = S units of turbidity representmg the lysed fraction of bacilli or 0 1 
mg lysed cells 

Total mm* Oj consumed by system D = 31 j f 

31 mm* Oj— 20 1 mm* Oj (*= 1 34 mm* 0_/unit turb (as in system B) X 15i turbidity o 
system D) = 10 9 mm* Oj, or 10 9/0 1123 mg lysed bacilli = 97 mm* 0^15 minutes 
or 31 mm* Oj — 18 0 mm* O- (= 1 20 mm* Oi/unit turb (as m system C) X 15,turbi i / 
of system D) = 13 0 mm* Oj, or 13 0/0 1123 mg lysed bacilli = 115 mm* Oi/15 minutes 
Qo, 97 X 60/15 = 383 

115 X 60/15 = 460 

of washed bacterial sediment obtained by centrifuging the contents of Warburg flasAS a 
various periods He expressed the final values in terms of mm* Oj/pg bacterial nitrogen 
(Oldfelt, pp 57-70) Since he did not take into account the volume of oxygen consu-ia 
by the lysed fractions of bacilli, his method of determimng values would be inaccura e 
■Vs will be seen from the results we report here, the lysed fractions of bacilli consume 
in the prcience and ahn.aco of a substrate, very often in smouats greater than those iw 
b, unlysed bacilli, followed by a gradual decrease in oxygen uptake 
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EXPOSITION AND DISCUSSION OF RESULTS 

Measurement of oxygen consumption by E typhosa in systems containing normal 
rabbit and homologous immune rabbit serum The results presented as representa- 
tive data in table 2 show that m no instance, in the presence or absence of glu- 


TABLE 2 


Inhibition of oxygen consumption in the presence of glucose by E typhosa, strain 0-901, 
by the action of antibody and guinea pig complement 


A 

BACIEKIAL TmtBmniES* 

1 Qo^t (uu* Oi/Hoxm/uo BAcnxi) I 

BACILLI 

LYSEDt 

CHAHGE IN 
Oj UPTAKE 
BY LYSED 
BACILLI 

Tune 

^ Bacilli 
normal 
rabbit 
serum + 
active 
comple 
ment 

1 

Bacilli 
immune 
rabbit 
serum + 
inactive 
comple 
ment 

Bacilli 
immune 
rabbit 
serum + 
active 
comple 
ment 

1 

' Bacilli 
normal 
rabbit 
serum + 
active com 
plemcnt 

BaoUi 
immune 
rabbit 
serum + 
inactive 
complement 

Immune 
rabbit 
serum + 
active com 
plement 

1 Lysed 
bacilli 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

mtn 







% 

% 
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23 

23 
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— 

15 

26 

26 


380 

360 

528 

34 

-39 

30 

27 

26 


342 

332 

366 

65 


45 

27 

26 


314 

307 

262 

82 


60 

27 

27 


299 

283 

192 

80 


90 

27 

27 


280 

269 

140 

96 


180 

29 

27 

H 

235 

270 

69 

96 



B Systems in which rabbit complement was used 


0 

24 

24 

24 







— 



90 

26 

26 

4 

240 

192 

49 

83 

79 

180 

28 

28 

4 

152 

142 

24 

S3 

84 

300 

27 

25 

4 

138 

148 

19 

83 

86 


E-^penmental conditions identical to those described in the footnote to table 1 were used 
* One unit of bacterial turbidity measured with the Klett-Summerson photoelectric 
colorimeter is calculated to be equal to 0 0141 mg bacilli 

t QOi values of the lysed fractions of bacilli in the systems contaimng immune serum and 
active complement were obtained by comparing these figures with those of the systems 
contaimng normal rabbit serum and active complement This system was used since 
control experiments with the immune serum and inactive complement (an aliquot of active 
complement heated in a 56 C water bath for 30 minutes) gave results qmte similar to those 
obtained in the normal rabbit serum and active complement system 

t The turbidity readmg of the inoculum at 0 hour was compared with the readings given 
in column 3 Minus sign before figures indicates increased oxygen uptake, figures without 
sign indicate inhibition of oxygen uptake 


cose, do the Qoj values for the agglutinated E typhosa, aflagellate strain 0-901, 
differ significantly from those of the controls conta inin g normal rabbit serum 
Homologous immune serum did not produce a significantly inhi bitory effect 
on the oxygen consumption by H-901 cells The sensitized cells hkewise did 
not experience either a significant decrease m oxygen uptake or lysis when m- 
cubated with active complement H-901 bacilh treated with specific serum and. 
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after refrigeration overnight, treated with complement, likewise did not experi- 
ence either lysis or decrease in oxygen uptake However, H-901 bacilli, treated 
with homologous immune serum and complement and refrigerated overnight, it 
the end of a 3-hour respiration period were found to have undergone 56 per cent 
lysis and showed marked decrease in the volume of oxygen consumed For the 
unlysed and lysed fractions of bacilh Qoj values were, respectively, 212 and SG 
That IS, in comparison with the unlysed fraction, or the control (containing nor- 
mal rabbit serum active complement + H-901 bacilh), the lysed fraction of 
bacilli had expenenced 58 pei cent inhibition of the respiratory activity 
In another set of expenments the effect of anti-H-901 immune serum on 
0-901 bacilh, and conversely the effect of anti-O-901 immune serum on H-901 
bacilh, was studied The system containing 0-901 bacilli -}- undiluted H 901 
antiserum -}- inactive complement after a 3-hour period showed a turbidity of 
31 and had a Qoj value of 247 The same system containing active complement 
(in place of inactive complement) showed a turbidity of 10 (54 per cent lysis) 
with a Qo, value of 126 for the lysed fraction and 246 for the unlysed fraction of 
0-901 bacilli, or 50 per cent inhibition of the oxygen uptake of the lysed 0 901 
cells by the action of H-901 antiserum and complement 
On the other hand, the H-901 bacilh (zero hour turbidity, 23) treated with 
0-901 antiserum and active complement, refngerated overnight, and tested for 
respiratory activity, after a 3-hour period showed a turbidity of 32 and the Qoj 
was 165, with inactive complement the tubidity was 31 and Qoj 201 Thus, 
despite marked agglutination, little or no lysis took place and there was only a 
difference of 18 per cent m the oxygen uptake When H-901 bacilli were re- 
fngerated ivith 0-901 antiserum overnight and when complement was added 
just before the start of respiration measurements, with the inactive complement 
the turbidity was 37 and Qoj 187, with the active complement the turbidity was 
31 and Qoj 193 The latter results were also obtamed w hen the before-mentioned 
reagents were mixed and the respiration measurements made at once 
The flagellate strain H-901 is clearly less susceptible to lysis by the sensitizer- 
complement system than is the nonflagellate variant strain 0-901 Alterations 
in oxygen consumption under the various expenmental conditions cited occurre 
only xxhen lysis was brought about by the action of sensitizer and complement 
When lysis did not occur, specific combmation wnth immune serum was without 
demonstrable effect on oxygen consumption 

Rough and smooth strains of pneumococcus type I cultures were mixed wit i 
homologous antisera (prepared against these organisms m rabbits) m the pre 
sence and absence of complement There w as no significant difference m oxygi^n 
consumption m any instance No lysis occurred, of course Controls eontain 
ing normal rabbit serum m place of the antiserum gave similar results 

These results show that the substrates used are not only capable of diffusin„ 
through the agglutinated clumps of bactena but also of permeating the layer o 
antibody molecules and associated serum components deposited on the antigenie 
components of the cell wall (Heidelberger and Ivibat, 1934, 1936, Mudd in 
Vnderson, 1944) and capsule (Mudd, Hemmets, and Vnderson, 1913) It voi t 
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appear that there are spots on the cell wall not occupied by antibody molecules 
that readily permit the penetration of the substrates to the site of the active 
groups of the respiratory enzymes 

An analysts of the inhibition of oxygen consumption in the complement-fixing 
systems A survey of the tables from 1 to 5 shows that m all instances there is a 
marked reduction in the uptake of oxygen by the lysed fraction of sensitized 
bacilh It 18 to be noted, however, that in the presence of glucose, despite from 
65 to 75 per cent lysis of bacilli m the 30- and 60-minute periods, there is either 
an insignificant degree of inhibition or a marked acceleration in oxygen uptake 
Following these imtial penods, the degree of lysis remammg practically un- 
changed, the oxygen consumption shows a marked reduction (table 2, table 3, 
exp 93, table 4, exp 112, table 5, exp 109 and 111) 

One may postulate that there are opposmg reactions concurrently consummg 
oxygen Dunng the initial periods, the reactions that are mhibited would appear 
to proceed at a slower rate, a fact that may account for the absence of reduction 
of total oxygen consumption dunng these mitial penods The leason that re- 
duction of oxygen consumption becomes marked as the reactions progress may 
be due to the oxidation of glucose breakdown products, which may appear to be 
principally susceptible to the inhibitory action of the system In this connec- 
tion the results of the following two types of experiment may be of some mterest 

Increase of inhibition of respiration during the early penods of respiration asso- 
ciated with increased oxygen uptake in the presence of yeast extract The results 
of several experiments with yeast extiact are presented in table 3 It can be 
seen that m the presence of yeast extract the Qoj values of the controls are from 
17 to 30 per cent higher than in its absence (table 3, exp 93 (2)) In the pre- 
sence of yeast extract, antibody and complement, the reductions m oxygen 
uptake are from 27 to 40 per cent greater than in its absence At the end of the 
60-minute penod, in the system ivithout yeast extract the oxygen uptake of lysed 
baciUi shows a 7 per cent greater value and, in contrast, a 20 per cent inhibition 
m its presence In another experiment (table 3, exp 91) at the end of 90- and 
180-mmute periods, the inhibitions were, respectively, 17 and 35 per cent, and 
in the presence of yeast extract 40 and 72 per cent, showmg from 106 to 136 per 
cent greater inhibition One important effect of the factors in yeast extract may, 
therefore, be to hasten or to mvolve those reactions that are susceptible to the 
inhibitory action of the system (table 3, exp 93 (2), 91, and 95) Since the 
acceleration of the oxidation of glucose results in the speedier formation of break- 
down products, such as glycerol, in parallel tests the rate and degree of oxygen 
uptake of the systems contammg glucose and glycerol were determined The 
results are discussed below 

Increase of inhibition during the earlier penods associated with increased oxygen 
uptake in the presence of glycerol As considered above, the mitiation of greater 
inhibitory effect following lysis on oxygen uptake at an earher penod m the 
presence of yeast extract may be considered to be related to the correspondingly 
faster formation of one or more cntical breakdown products Accordmgly, the 
inhibition of the oxidation of glycerol, for example, should start sooner and show a 
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TABLE 3 


Comparison of Ihe oxygen consumplton by E iyphosa and degree of inhibition in the 
presence and absence of yeast extract 
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For conteats see footuotes to tables I and 5 

• TurbidiUea obtained with papain digestion (exp 91 and 93), as will be seen, are e“— 
parable with those obtained without papain digestion (exp 95) 
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greater degree of inhibition A survey of the results presented in table 4 (exp 
112 and 113) shows that in the presence of glucose at the end of a 1-hour penod 
there is no inhibition, in contrast, a 14 per cent increase in oxygen uptake is to 
be noted In the presence of glycerol during the same penod 56 per cent in- 

TABLE 4 


A comparison of the oxygen consumption by E typhosa in complement-fixing lytic systems 
in the presence of glucose or glycerol and in the absence of an added substrate 
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Exp 112 Syatema containing glycerol 
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Exp 113 Systems containing glycerol 
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Exp 113 Systems without added substrate 
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29 
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-3 
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■■ 

9 

90 
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For the contents of the flasks see footnotes to tables 1 and 5 


hibition occurred Similarly, a comparative survey of the results presented m 
table 5 (exp 109) shows that at the end of the 1-hour penod there is only 14 per 
cent inhibition m the presence of glucose In the presence of glycerol the in- 
hibition IS 70 per cent, which means that the system is severalfold more effective 
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against glycerol than against glucose oxidation In another experiment (tible 5, 
exp 111) at the end of 90 minutes the oxidation of glucose i\as inhibited onh 3 
per cent and that of glycerol 77 per cent The significance of these compantue 
results obtamed in parallel tests is emphasized bj’- the fact that the oxidation ol 
glycerol is a much more active process than that of glucose /is inll be seen 
(table 4, exp 112), the Qo, value for glucose is 220, and for glycerol 321 at the 


TABLE 5 

A comparison of the oxygen consumption by E typhosa in complement fixing systems in 

the presence of glucose and glycerol 
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xLtracLiuii acuziia cuixsi:iLeu ux u ^ iiu ui xu f/ci wcuu awcmv ^ 

0 1 ml of 1 to 10 dilution of antiserum, 0 1 ml of undiluted active guinea pig compknicut, 

1 9 ml of m/30 phosphate buffer of pH 7 22, and 0 2 ml of bactenal suspension (in side arm 

.... pgpgj. (no 40) soaked with 0 3 ml e 


The center cup 
20 per cent KOH 


contained a roll 


/ 

of 


end of a 1-hour period Similarl>, at the end of the 90-minute penod (tabi/ u. 
exp 111) the Qo. value for glucose IS 218, and for glycerol 359 That is, 
uses 50 to G5 per cent more oxjgen than glucose (For a recent stud} on t 
oxidation of gljccrol see Alickelson and Shideman, 1947) In tontlusion, t 
systems that consumed a greater tolume of ox>gcn, as in the pre-tnee oi ,*<• v 
cxtract, shouc-d aLo a greater degree or susceptibiht^ to the action of tK i 
hibitorj* factors oi the sj stems following Ivsis 
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Relation of the rate of oxygen consumption to the rate of lysis The results pre- 
sented here show that E typhosa, strain 0-901, lyses in a complement-fixing 
system m the absence of an added substrate, on the average from 28 to 58 per 
cent within 60 to 120 minutes (table 4, exp 113 and 114) In the presence of 
glucose or glycerol as a substrate, the lysis of bacilh during the same penod is 
from 70 to 80 per cent (table 5, exp 109 and 111) In parallel tests, the rate 
of lysis in the presence of glucose and glycerol was determined It will be seen 
(table 4, exp 112) that at the end of the first 30-mmute penod there was no lysis 
in the presence of glucose, and the lysis at the end of the first 60-mmute penod 
was 65 per cent During the same periods, the lysis in the presence of glycerol 
was from 60 to 82 per cent In fact, m contrast to the absence of lysis in the 
presence of glucose at the end of the first 15 minutes there was 60 per cent lysis 
when the system contained glycerol These results may be interpreted to in- 
dicate that the rate of lysis in the three different systems mentioned above is in the 
followmg order 

glycerol > glucose > absence of added substrate 

In control systems, the degree of growth m each system is practically identical 
The previously mentioned differences m the rate of lysis of bacilh do not there- 
fore appear to be related to growth activities (table 4, column 2) On the other 
hand, a comparison of Qo, values for the 1-hour penod shows values of from 321 
to 384 for glycerol, 220 for glucose, and from 190 to 204 for the system not con- 
taimng added substrate Also the order of oxygen-consuming activities is 
comparable with the degree of lysis in the presence of the substrates named above 
This may mdicate that certain oxidation-reduction reactions play a role m regu- 
latmg the rate of lysis of bacilh (Ecker, Pillemer, and Werthheimer, 1938) In 
the hght of the foregoing considerations it would appear that the reactions par- 
ticipatmg in the dehydrogenation of glycerol maintam the lytic system at a 
reduced state to a greater degree than do the other two systems, which may 
account for the accelerated rate of lysis in the presence of glycerol 
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SUMMARY AND CONCLUSIONS 

The effect of homologous immune serum with and without complement on 
the oxygen consumption by Eberthella typhosa (strams 0-901 and H-901) and 
pneumococcus has been studied 

A method has been worked out that makes it possible to calculate Qo, values 
(mm® O 2 per mg bacteria per hour) for mtact, agglutinated, and lysed fractions 
of bacteria The values thus obtained make it possible to evaluate the effect of 
various agents on the oxygen consumption of bactena under the influence of 
immune and other factors 

Agglutmated E typhosa (and pneumococci) consume volumes of oxygen equal 
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to those of the respective controls Intact sensitized cells with or without com- 
plement do not expenence loss of oxidative activity, mdicating that the formi 
tion of agglutmated clumps of bacteria does not involve physical or immiinolog 
ical barriers to the activity of oxidative enzymes 
Sensitized E typhosa (0-901) cells acted upon by complement undergo I)si 3 
Immediately after lysis considerably more oxygen is used than by the control 
contaimng the intact cells Subsequently, the oxygen consumption of the lj»«l 
system undergoes up to 88 per cent reduction 
In simultaneous tests, oxygen consumption in the presence of yeast extract 
and glucose is greater than m the presence of glucose alone In the presence of 
yeast extract, the reduction in oxygen uptake followmg lysis is likewise greater 
In the presence of glycerol the oxygen consumption is also markedly greater 
than in glucose alone The reduction in oxygen uptake by the glycerol coa 
taming system is likewise much greater and more prompt than in glucose done 
Whether or not the previously mentioned reduction in oxygen uptake by the 
lysed fractions of bacilh obtained by the action of complement on sensitized 
cells IS due to the deterioration of liberated enzyme systems or to an inhibitory 
effect of a specific combination between liberated intact oxidative respiratorj 
enzymes and homologous antibodies cannot at present be answered Further 
work pertaining to this question is in progress 
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SEROLOGICAL AND BIOLOGICAL CHARACTERISTICS AND PENI- 
CILLIN RESISTANCE OF NONHEMOLYTIC STREPTOCOCCI ISO- 
LATED FROM SUBACUTE BACTERIAL ENDOCARDITIS 

S STANLEY SCHNEIERSON 

Division of Bacteriology, Laboratories of the Mount Sinai Hospital, New York, New York 
Received for publication December 19, 1947 

The finding of a new vanety of nonhemoljdiic streptococcus, designated as 
Streptococcus she, has been recently reported (Loewe, Plummer, Niven, and 
Sherman, 1946) The organism was found 41 times m 113 cultures from 100 
cases of subacute bactenal endocarditis Certain sigmficant cultural and bio- 
chemical charactenstics were attributed to this new vanety as well as a re- 
fractormess to penicilhn therapy However, no data on the in vitro sensitivity 
to pemcilhn were mcluded in the report The organism was subsequently 
studied m great detail (Niven and White, 1946, Washburn, White, and Niven, 
1946, White and Niven, 1946, Niven, Kiziuta, and White, 1946), and a con- 
siderable degree of homogeneity was attributed to it Of particular sigmficance 
was the report (Washburn, White, and Niven, 1946) that all 42 strains of Strepto- 
coccus s b e studied fell mto two distmct serological tjqies as determmed by the 
precipitm method Five of these strains gave positive tests with both type I 
and type II antisera An antiserum prepared by immunizmg rabbits with one 
of the five strams reacted with extracts of all the strains of Streptococcus s b e of 
types I and II This was beheved to be due to the presence of specific com- 
ponents of both types m the cells of the polyvalent stram, rather than to the 
presence of a common antigemc component 

The groupmg of nonhemolytic streptococci on a serological basis, similar 
perhaps to the Lancefield groupmg of the hemolytic streptococci, would be a 
logical goal smce classification based upon cultural and biochemical character- 
istics has many deficiencies, for example, lack of specificity and the mconstancy 
of some of the reactions Solowey (1942) attempted to group serologically 
the streptococci isolated from cases of subacute bactenal endocarditis and from 
the human throat and extracted teeth She found that about two-thirds of all 
the strains could be differentiated mto 14 serological types of which about 50 
per cent of the reactmg strains from each source fell mto two types No sero- 
logical differentiation could be shown between the streptococci from subacute 
bactenal endocarditis and those from the throat and teeth No correlation 
of the serological with the biochemical characteristics of the vanous strains was 
found 

Dawson, Hobby, and Lipman (1944) mvestigated the sensitivity to pemcilhn 
of 50 strams of nonhemolytic streptococci isolated from subacute bactenal endo- 
carditis cases The organisms were descnbed grossly as “vindans,” “indif- 
ferent,” and “resembhng enterococci ” Theu* sensitivities were expressed m 
relation to a standard hemolytic streptococcus stram No findmgs characteristic 
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for any particular group could be demonstrated They concluded that with 
occasional exceptions, strains of nonhemolytic streptococci isolated from cases of 
subacute bactenal endocarditis are sensitive to pemcilhn in vilro and that the 
degree of sensitn ity of any particular stram does not correspond w ith its sero- 
logical or cultural properties 

The present study on all strams of nonhemolytic streptococci isolated from 
subacute bacterial endocarditis m this hospital for a period of the last 20 months, 
concerns itself wath the correlation of the serological and biological characteristics 
of the bactena with their resistance to penicillin in vitro The results are em- 
bodied m the followmg report 

CRITERLA. trSED FOR CLASSIFICATION OF ORGANISMS ISOLATED 

Soon after origmal isolation, all orgamsms were subjected to serological and 
biological tests and their resistance to pemcilhn wms determmed in vitro Thirty- 
four strams isolated from 32 cases were the subject of this investigation Four 
strams w ere isolated from tw o recurrent infections (strains 17 and 18, and strains 
19 and 20) It may be noted from table 1 that m both patients w ith recurrences, 
neither w as mfected wnth a Streptococcus s b e strain 

It has long been recognized that the classification of the nonhemolytic strepto- 
cocci IS far from satisfactory Prior to the identification of the Streptococcus 
s b e group, only a few other groups had been more or less clearly differentiated, 
such as the Streptococcus salivarius, the enterococcus groups, and a few others 
In order to facihtate the analysis of the sigmficant characteristics of the various 
strains isolated, the organisms were classified by the following properties 
Streptococcus sb e group Precipitation with Streptococcus s b e antiserum, 
fermentation of mulm wuth acid production, hydrolysis of arginine, growth on 
40 per cent bile blood agar, absence of mucoid colonies on 5 per cent sucrose 
agar, and the sjuithesis of shme m 5 per cent sucrose broth 
Streptococcus saluarius group Formation of large mucoid colonies on o 
per cent sucrose agar, no change m color on blood agar, failure to hjdrol>zc 
argimne, and the abihty to ferment inuhn and raffinose with the production 
of acid (Sherman, Xnen, and Smiley, 1943) 

Enterococcus group Precipitation wnth Lancefield group D streptococcus 
antiserum, marked resistance to penicillin, growth at 45 C, and grow th in media 
contammg 6 5 per cent XaCl, and m 40 per cent bile (Evans and Chinn, 1917) 
Unclassified Streptococcus group The organisms that did not poasc^ the 
specific characteristics described above 
Accordinglj, m this stud>, of the 34 strains isolated, 9 were Streptococcus 
s b e , 2 each were Streptococcus saluarius and enterococci, and the remaining 21 
were considered to be m the heterogeneous group, unelos^ified atreptoeocLi 


SEROLOGICAL CILAILACTEIUsTICS 


All Strams v ere studic-d serolog'callv The methods employed lor the prepa 
ration of the precipitating antisera and the carboh^dr-te evtraet irorn t - 
organisms as well as the technique lor the precipitin te-st . ere ihosc deserhi.d 
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by Laucefield (1933) Antisera were prepared for three strains (1) Slrtplo 
coccus sanguis {Streplococcus s b e ), a strain obtained from Washburn tli it 
contains both tj^ies I and II antigen, (2) a nonliemol^dic streptococcus strain 
in the unclassified group (strain 15), which was isolated from an early case and 
which did not possess any of the significant biological characteristics ascribed 
to Streplococcus sanguis, and (3) a Lancefield group D hemolytic streptococci!' 
(strain Cl) Heat-killed organisms, as recommended by Washbuin, were used 
to prepare the first two antisera, whereas formahn-killed organisms were em 
ployed to produce the Lancefield group D antiserum The precipitin test wa» 
conducted with varymg amounts of antigen and a constant amount of serum 
All tests were accompanied by controls using normal rabbit serum and e\tract, 
and the various antisera without anj”^ evtract, for comparison 
As may be seen from tables 1 and 2, the Streptococcus s b e is a distinct scro 
logical entity All Streptococcus s b e strains reacted strongly only with tlic 
antiserum specific for the group Extracts prepared from streptococci in the 

TABLE 2 

Precipitin reactions of extracts of nonhemolytic streptococci from subacute 


bacterial endocarditis 
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Streptococcus saliiarius 

0 

2 

i 

1 

1 

1 

Enterococcus 

0 

2 

0 

2 

2 

0 




1 /•! 

13 

Ci 

1 15 

Unclassified streptococci 

0 

21 

{di 



1 


other groups failed to precipitate with Streptococcus sbe antiacruin llic^e 
results confirm the observations of Washburn el at on the serological homogcneii) 
of the Streptococcus sbe cultures 
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No single biological characteristic specific for any one variety could be demon- 
strated, ivith one exception The organisms of the enterococcus group were 
the only ones found able to grow m 6 5 per cent NaCl broth However, the 
presence of a combmation of concomitant characteristics was highly suggestive 
for the Streptococcus s b e group, namely, grondh on 40 per cent bile blood agar, 
hydrolysis of argimne, fermentation of muhn mth the production of acid, absence 
of mucoid colomes on 5 per cent sucrose agar, and the synthesis of slime m 5 
per cent sucrose broth One unclassified streptococcus, stram 32, possessed 
all these properties although an extract prepared from it failed to precipitate 
with specific Streptococcus s b e antiserum 

Good correlation between the biological and serological charactenstics were 

TABLE 3 


Biological charactenatics of nonhemolytic streptococci from, subacute bacterial endocarditis 


CHAJtACTERlSnCS 

WHITE & 
NIVEV 

sramo- 

coccus 

S3X 

( 9 ) 

STREP TO- 

cocccs 

SALIVARIUS 

( 2 ) 

evtero* 

coccus 

( 2 ) 

UNCXA5SI 

riEDSIREP- 

Tococa 

( 21 ) 


per uni 

no 

no 

no 

no 

Greening — 24 hr 

98 

0 

9 


2 

13 

Fermentation inulin 

81 

0 

5 

2 

0 

3 

Fermentation raffinose 

33 

0 i 

1 

1 

0 

4 

Growth — 45 C 

45 

0 

7 

2 

2 ( 

12 






1 

Idb 

Growth — 6 5% NaCl 

0 

0 

0 

0 

2 

0 

Argimne hydrolysis 

100 

0 

8 

0 

2 

9 

Growth — 40% bile blood agar 

72 

0 

8 

2 

2 f 

4 






1 

1± 

5% Sucrose agar — ^mucoid colonies 

0 

0 

0 

2 

2 

3 

5% Sucrose broth — slime synthesis 

1 

95 


7 

2± i 

2 

‘ { 

5 

Izh 


demonstrable for two groups. Streptococcus s b e and the enterococci Table 3 
summarizes the sigmficant biological charactenstics of the strams of each group 
isolated m this senes 


PENICILLIN RESISTANCE 

Resistance to pemcilhn in mtro was determmed for all streptococci isolated 
A tube dilution method usmg fresh meat extract broth as the medium and the 
standard Staphylococcus aureus H stram for comparison was employed The 
tests were nm in 2-ml amounts Two senes of pemcilhn dilutions vaiying from 
0 5 to 0 005 Oxford umts pei ml were set up Tubes were inoculated with 
smtably diluted 6-hour cultures of the streptococcus and the staphjdococcus to 
give final concentrations of 600 to 800 and 200 to 300 orgamsms per ml, re- 
spectively, at zero hours If no inhibition proved to be present m this range, 
a greater amount of pemcilhn w^as used for the streptococcus series The tubes 
were mcubated at 37 C overmght and the end pomts of complete inhibition 
were noted the following mormng The amount of pemcilhn required to inhi bit. 









398 


S STANLEY SCHNEIERSON 


[vOL 53 


the streptococci divided by the amount necessary to inhibit Uie standard orgaubm 
was the penicillin resistance expressed as the coefficient of resistance as compirctl 
to the Staphylococcus aureus H standard The standard organism m as inliibited 
by’^0 02 Oxford umts per ml 

The resistance to pemcillin of the strains under mvestigation is reconlcil 
m tables 1 and 4 It may be seen that, m general, the resistance of organbms 
of the Streptococcus s b e group to pemcilhn in vitro was found to be somewint 
higher than that of the organisms of the unclassified group However, Inghl} 
resistant strams were not encountered, and all appeared ivithm practical tlien 
peutic range Only the enterococci showed marked resistance to penicillin. 


TABLE 4 


Penicillin resistance of nonhemolytic streptococci from subacute bacterial endocarditis 


PENICILLIN RESISTANCE 

(x standard) 

STREPTOCOCCUS S B E 

(9) 

STREPTOCOCCUS 

SALIVARIUS 

(2) 

ENTEROCOCCUS 

(2) 

USCLASSlflCO 

STREPTOCOCCI 

(21) 

1 


■ ■ 


2 

1 5 

— 

— 

— 

2 

2 

3 

— 

— 

3 

2 5 

.... 



1 

5 

1 

1 

— • 

0 

10 

4 

— 

— 

3 

15 

1 

1 

— 

1 

160 

— 

— 

1 

— 

250 

— 

— 

1 


1-5 

4 

1 

0 

17 

&-15 

5 

1 

0 

4 

Above 16 

0 

0 

2 

0 


It may also be noted from the tables that identification of Streptococcus s h 
by this characteristic alone is not feasible 

SUMMARY 

The serological and biological charactenstics and the in vilro pcniLillm re 
sistance of 34 strams of nonhemolytic streptococci isolated from 32 caiiCJ c 
subacute bacterial endocarditis were investigated 

The report of the existence of a new variety of nonhemolytic streptocottii-ii 
based upon serological and biological characteristics and designated as Strip o- 
coccus s b e , is confirmed 

The resistance of the Streptococcus s b e (Streptococcus sanguis Wlntt) greup 
to penicillin was found to be slightly higlier than the unclas3ific<l strcptot^Ad 
isolated from this disease, but none of the strains were markcdl> resut mt to t n 
antibiotic in iilro The streptococci of the enterococcus group were touia tJ 
be markc-dlj rcaiatant to pemcilhn 
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The role of amino acid oxidase (deaminase) m the metabohsm of molds has 
been confined largely to a study of d-amino acid oxidase m Neurospora by Horo- 
witz (1944) The f-amino acid oxidase of animal and bactenal cells has, however, 
been given considerable attention by Blanchard, Green, Nocito, and Hatner 
(1944), Stumpf and Green (1944), and Gale (1943) It is the purpose of this 
paper to report on the Z-ammo acid oxidase activity of pemcilhn-producmg molds 
as well as of some other molds 

EXPERIMENT XL METHODS 

The molds were grown in shake flask fermentations accordmg to the method 
that has been descnbed by Koffler, Emerson, Perlman, and Burris (1945) 
Unless otherwise stated, the molds were grown in a medium made of 2 per cent 
corn steep hquor solids and 2 per cent crude lactose at pH 4 5 

The Z-ammo acid oxidase activity of the mold preparations was determmed 
with the Waiburg lespirometer by measunng the oxygen uptake after addmg 
0 5 ml of the desired ammo acid solution to the cell suspension The ammoma 
that was produced by the deamination was determined by the micro method 
described by Umbreit, Burris, and Stauffei (1945) 

The use of resting and washed cells either with or without “blendmg” (Dorrell 
and linight, 1947) gave erratic results Cells prepared m the foUoumg manner, 
however, gave consistent results The mycehum was harvested by strainmg 
the contents of the shake flasks through cotton gauze and washmg once with 
distilled water , the excess water i\ as pressed out by hand The damp mycehum 
was stirred qmckly into acetone held at — 20 C m a dry-ice-acetone bath, after 
being stirred at — 20 C for 3 minutes the mycehum was washed once with 
acetone at 4 C and dned m a vacuum desiccator at room temperature After 
drying, the mycehum was ground to a fine powder and stored at 4 C, where it 
remained active for at least 10 days Usually the mycelium was harvested 
at 3 days of age since maximum oxidase activity was evident at that 
time (table 4) 

A number of experiments on methods show ed that the foUowmg experimental 
conditions gave rehable results Maximum Z-ammo acid oxidase activity was 
obtamed at pH 8 0 to 8 5 with either a m/15 phosphate or borate buffer At 
pH 7 0 and pH 6 0 the activity was decreased 20 and 50 per cent, respectively, 
the enzyme was almost inactue at pH 5 0 Fifty mg of dned and powdered 
mycelium were added to each Warburg flask although a straight-hne relationship 

* Publiahed with the approval of the Director of the Wisconsin Agricultural Experiment 
Station 
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existed between the amount of mycelium added (5 to 80 mg) and the amount 
of oxygen consumed, the rate of oxygen consumption remained constant for at 

TABLE 1 


Rate of oxidation of ammo acids by l~amino acid oxidase in acetone dried mycetium o/ 

P chrysogenum NRRL 19B1-B2B 


SUBSTRATE 

OXYCEl 

Mu 

SO 

1 UPTAKE 

lutes 

160 


mm* 

mm* 

Z-Alanine 

58 

113 

dZ-Alamne 

49 

90 

dZ-Alphaaminobutyrie acid 

46 

90 

dZ-Alphaaminovaleric acid 

1 37 

75 

dZ-Alphaaminocaproio acid 

28 

51 

dZ-Valine 

16 

22 

Z-Methionine 

53 

111 

dZ-Methiomne 

60 

94 

Z-Cystine 

10 

19 

Z-Glutamic 

9 

21 

Z-Aspartic 

7 

14 

Z-Proline 

7 

14 

Z-Leucine 

4 

5 

Z-Tryptophane 

4 


Z'Phenylalamne 

2 


Glycine 

3 

5 


Each Warburg flask contained 2 5 ml m/15 phosphate buffer at pH 8 0, SO mg powdered 
mycelium, 0 2 ml 20 per cent KOH m the center well, and 0 5 ml m/10 I ammo acid or 
0 05 ml m/5 dJ-amino acid in the side arm 


TABLE 2 

The relation betioeen oxygen uptake and ammonia released by I omino acid oxidase in acetone 


dried mycelium of P chrysogenum NRRL 19B1-B2B and Ql76 


HOLD 

SUBSTRATE 

OXYCEV uptake 

AHHONIA RELEASED 

NRRL 1951 -B25 

Z-Alanine 

mtcroahms 

11 7 

mtcromolts 

12 3 


Z-Methiomne 

19 0 

18 4 

Q176 

Z-Alanine 

36 6 

37 4 

Z-Methionme 

52 4 

50 9 


least 4 hours Usually 0 5 ml of m/IO Z-ammo acid or 0 5 ml of ii/o dZ-amino 
acid in m/ 15 phosphate buffer at pH 8 0 were added to each Warburg flask from 
the side arm after equilibration This nas considerably more ammo acid than 
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was necessary to obtain maximum oxygen consumption dunng a 2-liour period 
The temperature chosen for the determinations was 30 C, however, later it was 
found with the Thunberg technique and Z-alanine as a substrate that the most 
rapid methylene blue i eduction occurred at 50 to 55 C 

TABLE 3 


The effect of inhibitors on the I ammo acid oxidase of acetone-dried mycelium of P chrysogenum 
NRRL 19B1-B2S with t alanine as the substrate 
(Oxygen uptake was the criteria of enzyme activity) 


INBIBIIOK 

CONCENTEATIOK ADDED 
PEE FLASK. 

lOTIBIXION 


tnoles 

per cent 

Ammonium sulfate 

0 1 

77 


0 01 

19 


0 001 

0 

Sodium sulfate 

0 1 

1 

0 

Copper sulfate 

0 1 

100 


0 01 

76 

Potassium cyanide 

0 1 

0 

Sodium azide 

0 1 

0 

3,4-Dimtrophenol 

0 001 

79 


0 0001 

32 

Capryl alcohol 

Sat soln 

100 

Benzoic acid 

0 05 

53 


0 01 

7 

Sodium fluoride 

0 1 

0 

lodoacetic acid 

0 1 

76 


0 01 

28 


0 001 

0 

Penicillin G 

10 0 mg 

0 


EXPERIMENTAL RESULTS 

The amino acid oxidase (deaminases) of animal and bacterial origin oxidatively 
deaminate certam ammo acids more rapidly than others That the same is 
true appaiently for the Z-ammo acid oxidase of Pentcillium chrysogenum 
NE,RL1951-B25 is shown m table I Slight glycine oxidase activity was ap- 
parent m this preparation as m most of the others Since the presence of the 
tZ-isomers of alanine and methionme did not result in higher oxygen uptakes, 
the cZ-ammo acid oxidase either was not present in the onginal tissue or was 
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destroyed by the drying procedure The abihty of the d-isomer of alamne 
and to a lesser extent of methionine to inhibit the Z-amino acid oxidase of P 
chrysogenum NRRL 1951-B25 was evident also when the pure d-isomer was 
added with the Z-isomer The short chain monoammo, monocarboxyl ammo 

TABLE 4 


A comparison of the l-amino acid oxidase activity of the acetone dried mycelium of 
various molds on three l-amino acids 
(Oxygen uptake m 80 minutes was the measure of oxidase activity) 




OXYGEN DPT AXE 

MOLD 

SUBST2ATE 

Age of mycelium at harvest (dajs) 



3 

5 

7 



mm* 

mm* 

mm* 

Pemcdlin producers 





P notatum 832 

Z-Alamne 

29 

13 

6 


Z-Phenylalanme 

0 

0 


P chrysogenum 





NEEL 1951-B25 

Z-Alamne 

55 

40 

19 


LMethiomne 

48 

33 

14 


LPhenylalanme 

3 

0 


X1612 

LAlamne 

63 

50 

39 


Z-Methiomne 

63 

54 

38 


Z-Phenylalamne 

5 

2 


Q176 

Z-Alanme 

115 

88 

62 


Z-Phenylalanine 

11 

4 

4 

Non-pemcillm-producers 





P expansum 

t-Alamne 

95 

71 



Z-Methionine 

80 

55 



Z-Phenylalanine 

11 



P sanguineum 

Z-AIamne 

21 

7 



Z-Methionine 

22 

12 



Z-Phenylalanme 

12 

4 


Aspergillus ntger 

Z-Alanme 

19 

13 



Z-Methionine 

21 




Z-Phenylalanine 

14 

7 


P notatum 174* 

Z-Alanine 

31 


8 


* A non pemcillin producing mutant of P notatum 832 


acids were much more susceptible to the ammo acid oxidase than w ere the longer, 
more complex ammo acids 

Table 2 shows that 1 atom of oxygen was taken up for each molecule of am 
moma that was hberated Since the preparation contained catalase, it was not 
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necessary to add any other source of this enzyme On the basis of these data 
it seemed reasonable to assume that the Z-amino acid oxidase of P chrysogenum 
NRRL 1951-B25 and Q176 followed the usual over-all equation 

RCHNH2COOH + 402-^RC0C00H + NHa -b H2O 

The effect of inhibitors on the 1-amino acid oxidase activity of strain NRRL 
1951 -B25 IS summarized in table 3 The Z-oxidase from preparations of strain 
Q176 followed the same pattern and was inhibited by ammonium sulfate, 
2,4-dimtropheuol, capryl alcohol, and benzoic acid Although Z-alarune was 
the substrate for all inhibitor tests, there was no reason to suspect that the inhib- 
itors would react differently with different substrates 
Table 4 compares the Z-oxidase activity of different molds grown in submerged 
culture and harvested at 3, 5, and 7 days of age The molds with the highest 

TABLE 5 

The influence of the nitrogen source on the l-amino acid oxidase of acetone dried 
mycelium of P chrysogenum NRRL 1951 -B2B 
(Oxygen uptake in 80 minutes was the measure of oxidase activity) 


UEDltTU 

N soxriiCE i 

1 

OXVCEN UPTAKE 

I* 

Corn steep solids ' 

mm^ 

43 

I plus 0 5% (NHdiSOi 

Corn steep solids plus (NHiljSOi 

9 

lit plus 1 0% (NHi).SOi 

(NHi) SO, 

5 

II plus 0 5% corn steep solids 

Corn steep solids 

48 

II plus 0 5% peptone 

Peptone 

36 

II plus 1 0% dZ-alamne 

dZ-Alanine 

39 


* 1, corn steep liquor lactose medium 

t II, synthetic base KHjPOi, 2 5 g, MgSOi, 0 5, FeSOi, 0 05, ZnSOi, 0 01, glucose, 10 0, 
distilled water, 1 liter N source as indicated in table 


penicilhn-producmg potential had the highest oxidase content, however, the 
non-pemciUin-producing molds also produced the enzyme Maximum Z-amino 
acid oxidase activity was evident in mycehum that was harvested at 3 days of 
age, mycehum that was harvested at 5 and 7 days had less activity All of the 
molds grew well in the corn steep hquor lactose medium Surface-grown cultures 
of strain NRRL 1951-B25 and Pemcilhum expansum had as much oxidase 
activity as submerged cultures Attempts to secure Z-ammo acid oxidase ac- 
tivity from Neurospora crassa by the acetone drying procedure were unsuccessful 
The composition of the medium had a great influence on the Z-amino acid 
oxidase of strain NRRL 1951-B25 Table 5 shows that maximum oxidase 
activity was obtained when the mold was grown on corn steep liquor lactose 
medium or in a synthetic basal medium with either dZ-alanme, peptone, or corn 
steep hquor as the mtrogen source Oxidase activity was low w'hen the mold 
was grown in the synthetic basal medium with ammomum sulfate as the mtrogen 
source The activity was decreased considerably also when ammonium sulfate 
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was added to the corn steep hquor medium Kxtremes m pH were not respon- 
sible for the oxidase content of the myceha smce the range of pH at the tune of 
harvest was 4 5 to 5 2 

Methylene blue (Thunbqrg technique) could replace oxygen as the hydrogen 
acceptor, but the reaction was sluggish Nevertheless, the Thunberg technique 
was used to determme the temperature range of the enzyme 

Numerous attempts were made to obtain an active, cell-free preparation 
from stram NRRL 1951-B25, but the enzyme seemed to adhere closely to the 
particulate matter Recently, however, a cell-free preparation that contained 
practically all the enzyme has been prepared from strain Q176 The cell-free 
preparation is free of glycme oxidase, otherwise it checks with the data reported 
for acetone-dried cells of Q176 


DISCUSSION 

The Z-amino acid oxidase from the molds that were tested was different from 
the oxidase of rat kidney and Proteus vulgaris in certain respects One of the 
most staking differences was that the mold oxidase deammated the sunple short 
cham ammo acids more rapidly than the longer, branched, or substituted acids 
This IS exactly the opposite of the rat and Proteus oxidases Nevertheless, the 
three oxidases seem to be similar in that 1 atom of oxygen was taken up for 
each molecule of ammoma that was released m the catalyzed reaction between 
oxygen and the /- amm o acid All three enzymes differed somewhat in their 
response to inhibitors Except for its sensitivity to capryl alcohol, the oxidase 
from mold behaved much like the oxidase from rat kidney The three enzymes 
were sensitive to copper sulfate 

Contrary to the behavior of other Z-ammo acid oxidases that have been de- 
scribed, the acetone-dried preparations of molds were sluggish when tested with 
the Thunberg techmque This failure to use methylene blue readily as a hydro 
gen acceptor is m keepmg with the aerobic nature of the molds 

In contrast to the Escherichia coli deammases that have been described by 
Gale (1943), the mold deaminases were produced at a low pH during active 
growth and not at an alkahne pH during the final stages of growrth It is of 
mterest that the oxidase had maximum activity at about pH 8 0, yet was pro- 
duced by the mold while it was growung at pH 4 0 to 5 0 The oxidase content o 
P chrysogenum NRRL 1951-B25 and Q176 dropped after the fourth day of 
growth, and at 7 days (pH 7 2 to 7 8) less than one-half of the original activity 
remamed This is m accord with the fact that the same molds have a great y 
decreased Qo. durmg the phase of pemcilhn production, i e , 6 to 8 daya (udj 
published data) On the basis of these observations plus those formerly report 
on the chemical changes durmg pemcilhn production (Koffier, Knight, Emeraon, 
and Bums, 1945) it can be concluded that penicillin is produced by the mo 
when it has passed the peak of metabolic activity and is approaching autolyaia 
It 13 mterestmg that the Z-ammo acid oxidase content of the penicilhn-pro- 
duemg molds can be correlated w ith the pemcilhn-producing ability of the mo 
Stram 832, one of the early pemcilhn-producing molds, had a low oxidase ac- 
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tivity, a higher penicilhu producer, NRRL 1951-B25, had higher oxidase ac- 
tivity, and so on through X1612 and Q176 Somewhat the same condition 
exists ivith regard to the endogenous Qoj values of pemcillm-producmg molds 
832, NRRL 1951-B25, X1612, and Q176, the highest penicillm producers have 
the highest Q 02 values (unpublished data) It is difficult to draw any con- 
clusions from this information except that the highest penicillm producers are 
metabohcally more active than the low pemcilhn producers 
The fact that the most deaminase was produced when the mold was forced 
to obtam its mtrogen from alanme, peptone, or corn steep liquor solids suggests 
that ammoma may be the preferred mtrogen source The major role of the 
oxidative deammases m mold physiology may be to hberate ammonia from 
ammo acids m the medium Current research is designed to test this theory 
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SUMMARY 

A method for demonstrating Z-amino acid oxidase in molds has been described 
The enzyme was foimd in a number of molds at 3 to 7 days of age The amount 
of i-amino acid oxidase m the mold depended upon the mtrogen source and the 
age of the mycelium 

The Z-amino acid oxidase of molds differed in some respects from the oxidase 
of rat kidney and Proteus vulgaris The oxidases were similar in that one atom 
of oxygen displaced one molecule of ammonia m the catalyzed reaction between 
the Z-amino acid and oxygen 
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Despite intensive research during the past 7 years, only a few antibiotics are 
m general therapeutic use Many others have been descnbed that are effective 
against the gram-positive bacteria but only a very few have been reported effec- 
tive against the gram-negative bacteria which at the same time are nontovic to 
higher animals In a search of the actmomycetes for antibiotic-producmg 
orgamsms a new and hitherto-undescribed antibiotic^ has been obtamed and ex- 
tracted in a crystalhne form The antibacterial spectrum and chemical proper- 
ties differentiate it from other materials, and preliminary studies mdicate that 
this material has a low order of toxicity 

METHODS 

Imtial isolations of antibiotic-producing cultures from soil suspensions were 
made on an asparagme agar medium, and the colomes were then transferred to 
test tubes contaming a modified Emerson’s agar After the test tube culture 
had grown for 2 weeks, pieces of medium were removed from the periphery of 
the mycehum and placed on four different plates, each one seeded with one of 
the followmg organisms Bacillus suhtilis, Aerobacter aerogenes, Sclerotina fruc- 
ticola, and Fusanum lycopersici These seeded plates were observed foi in- 
hibition zones, and only those cultures that inhibited the groivth of Aerobacter 
aerogenes or the fungi were retamed for study Further tests of antibiotic ac- 
tivity were made by streakmg the actmomycetes on Emerson’s agar m petri 
plates and counter-streakmg bacteria perpendicularly to the actmomycete after 
10 days The abihty of an actmomycete to produce the antibiotic m various 
hquid media was determmed on 125 ml of broth m a 500-ml flask on a reciprocal 
shaker Assays to determme relative concentrations m terms of streptomycin 
units and also assays of the crystalhne compound were made by the disk method 
as descnbed by Loo et al (1945) 


THE ORGANISM 

Isolate 8-44 was one of those obtamed from a compost on the South Farm of 
the Umversity of Illinois at Urbana, Illinois It belongs to the genus Sirepto- 

1 This investigation was supported by grants from the Abbott Laboratories, Eh Lilly 
and Company, Parke, Davis and Company, and the Upjohn Company to the Departments 
of Horticulture and Chemistry of the University of Rlmois 

’ Department of Horticulture 

’ Department of Chemistry 

* After the preparation of this manuscript, a paper appeared describing a similar anti- 
biotic from an actmomycete obtained from South America (Ehrlich el al , 1947) 
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myces as described by Waksman and Henrici (1943) The organism forms 
heavy wrinkled mycehum that on Emerson’s medium has a light yellow back 
Good sporulation occurs withm 7 to 10 days on Emerson’s medium, and the 
spore surface of the culture presents a white to light pink appearance Various 
other colors are produced in different media The organism is gram-positive 
and has aerial spores 


BACTERIAL SPECTRUM 

Isolate 8-44 inhibited a wide range of orgamsms when grown m Emerson’s 
medium Antibiotic activity has been observed against 22 different bacteria of 
the gram-negative and gram-positive groups, includmg some acid-fast bacteria 


TABLE 1 


Comparative spectra of 8-44 and other antibiotic-producing actinomycetes 


ZONE OF INHIBIIION IN IDS FBOil SHEAK OF 


BACTERIA 

S grtseus 

S anti- 

btOtiCUS 

S laven- 
dulae 

N gardnenx 

s-n 

P aeruginosa 

18 

0 

18 

0 

0 

A aerogenes 

>45 

0 

>45 

0 

745 

A faecahs 

>45 

0 

>45 

0 

>45 

B subtilis (111 ) 

37 

>45 

>45 

>45 

41 

B subtilis (’mycin res ) 

10 

30 

>45 

41 

>45 

B subtilis 

35 

>45 

28 

33 

>45 

S faecahs 

21 

27 

6 

>45 

>45 

S lactis 

17 

33 

8 

38 

>45 

M smegmatis 

35 

25 

38 

0 

37 

E coll 

25 

0 

30 

0 

17 

S aureus 

>45 

18 

35 

>45 

>45 

M flavus 

38 

30 

39 

““ 

>45 


Only one organism. Pseudomonas aeruginosa, was not inhibited in any of the 


tests 


The groivths of the following bactena were inhibited either on agar strea 
plates or in broth culture Escherichia coli, Aerobacter aerogenes, Salniont e 
pullorum, Pasteurella multicoides. Salmonella schottmuellen, Shigella paradysen 
tenae (Sonne), Serratia marcescens, Eberlhella lyphosa, Proleus vulgans, Bruce a 
abortus, Agrobacterium tumefaciens, Streptococcus hemolyticus. Streptococcus 
lactis, Streptococcus faecalis. Streptococcus pyogenes. Staphylococcus aureus, 
Alcahgenes faecahs. Bacillus globigii. Bacillus sublilis. Micrococcus flavus, i 
bacterium smegmalis, Mycobacterium tuberculosis var hominis (avirulent) 
Comparative spectra ere made ivith a number of antibiotic-producing 
mycetes to ascertain the singularity of the active material produced by ' 
An examination of table 1 reveals that the substance produced by 8-^14 can c 
differentiated from streptomycin by the absence of activity against Pseudomonas 
aeruginosa and by its inhibition of a streptomycin-resistant strain of Baci 
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suUths It differs from streptothncm, since 8-44 is very effective against Strep- 
tococcus lochs and Streptococcus faecdhs, but inactive against Pseudomonas 
aeruginosa, the converse occurs with streptothncm Protoactmomycin from 
Nocardia gardneni is mactive against Aerobacter aerogenes, Alcaligenes faecalis, 
Escherichia coli, and Mycobacterium smegmatis, whereas all these organisms are 
inhibited by 8-44 Similarly the first three of these bacteria are not inhibited 
by Streptomyces antibioticus, which differentiates actmomycm from the product 
of 8-44 A survey of the hterature mdicates that the new antibiotic is also 
different from actmomycetm, bacitracm, subtilm, and micromonosporm smce 
these four substances are not primarily active against the gram-negative bacteria 

GROWTH ANn ANTIBIOTIC PRODUCTION IN SHARE FLASKS 

Isolate 8-44 grew readily m a number of hqmd media on a reciprocal shaker, 
but antibiotic production was more limited The organism grew slowly m 
Emerson’s medium, ° more rapidly m a com steep medium,® and best m a soy- 


TABLE 2 

Antibiotic activity of 8-44 m shake flasks 


STR£FXOU\Cm UNITS AT VAXIOUS TOtES IN EOUSS 


EXPEBTUENT 



24 

4S 

72 

96 

120 

144 

16S 

192 

22 


108 

108 

260 

207 

260 

74 


28 

— 

31 

48 

108 

74 

74 

205 

— 

29 

60 

89 

108 

74 

167 

260 

— 

— 

32 

— 

— 

— 

74 

144 

108 

108 

108 


bean medium,^ however, it produced the antibiotic only m the soybean medium 
Shake cultures were moculated with the spores and mycelium of a 10-day-old 
test tube culture After 5 days on the shaker, 3-ml ahquots of these cultures 
were added to 125 ml of the media contamed m 500-ml Erlenmeyer flasks 
Tnphcate flasks were used for all assays, and results were reported m terms of 
eqmvalent streptomycm units As indicated m table 2, values eqmvalent to 
260 streptomycm imits were obtamed m the brews The maximum production 
was usually obtamed between the fourth to seventh day after inoculation, and 
as evaluated on the basis of subsequent assays on crystalhne preparations these 
hquors contamed as much as 0 08 mg per ml 

The media from 5-day-old shake flask cultures were exammed to determme 
whether the same antibiotic activity was produced under these conditions as 

‘ Emerson’s medium beef extract, 4 0 g, peptone, 4 0 g, NaCl, 2 5 g, yeast extract, 1 0 g, 
glucose, 10 0 g, distilled water, 1,000 ml 

“ Corn steep peptone, 5 0 g, corn steep, 15 0 g, NaCl, 5 0 g, glucose, 10 0 g, distilled water, 
1,000 ml 

’ Soybean soybean meal, 10 0 g, cerelose, 10 0 g, NaCl, 5 0 g, curbay B G , 0 5 g, CaCOi, 
1 0 g, distilled water, 1,000 ml 
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from streaks of 8-44 A similar spectrum of mhibition was obtained from the 
shake culture as with the streaks Growth of P aeruginosa was not inhibited, 
whereas the foUowmg bacteria were Alcaligenes faecalis, Aerobacler aerogenes, 
Salmonella pullorum, Streptococcus faecalis, Mycohacterium tuberculosis (avini 
lent) When sterile filtrates of 8-44 and Streptomyces griseus were compared in 
agar dilution plates, the dilutions of 8-44 media mhibiting the bacteria i\ere 
either the same as or lower than those of S gnseus Antibiotic activity was ob- 
tamed with 1 20 dilutions of the 8-44 liquor 

PHAGE 

Because the occurrence of phage m cultures of Streptomyces gnseus has been 
reported, the reaction of 8-44 to this phage was tested Tests by Dr D R 
Cohngsworth of the Upjohn Company reveal that 8-44 is susceptible to their 8 
gnseus phage 

ISOLATION AND CHEIHCAL PROPERTIES OP THE ANTIBACTERIAL SUBSTANCE 

The antibacterial activity of culture fluid was found to be stable at room 
temperature at pH 2 to 9 and was not destroyed by sterihzation in the autoclave 
at 110 C at pH 4 to 8 The active material could be removed from the culture 
fluid on charcoal oi alurmna and was readily extracted with butanol or ether 
For preparative purposes the culture medium was extracted with an equal 
volume of ether The ether extract was dried and the ether removed leaving a 
brown, gummy, semicrystaUme residue that assayed 90 to 100 streptom>cin 
units per mg and accoimted for 80 to 90 per cent of the original activity This 
material was extracted with hot benzene (50 ml per 0 2 g), which removed tlie 
gummy material, leavmg a yeUow crystallme solid that assayed 300 to 500 
streptomycm umts per mg A small additional amount of the same solid sepa 
rated from the benzene extract on coolmg This crude material was recrystal 
lized from a benzene-methanol mixture and was then chromatographed over 
alumma m 20 volumes of a chloroform-methanol rmxture (30 per cent methanol) 
The hght yellow eluate was concentrated to dryness, and the residue vas rc- 
crystaUized from chloroform-methanol mixture (5 per cent methanol) giving 
fine needle-shaped crystals melting at 144 to 146 C Repeated cryst;illization 
gave an almost white product . 

With 7 liters of culture fliud assaymg 28 streptomycin units per ml the yie 
of purified material was 0 20 g, assaymg 630 streptomycin units per mg 
represents an over-all recovery of 62 per cent 

The purified material was insoluble m petroleum ether, slightly soluble m 
chloroform, and soluble m ether, methanol, ethanol, or ethyl acetate ft 
very sparingly soluble in v ater, acid, alkah, or hot benzene The final prouuc 
contamed nitrogen and halogen, but no sulfur, and gave negative Sahaguc i 
and Pauly tests 

Chemical work on the active substance nas discontinued at this point since 
it was learned that the Parke, Davis group had already elucidated the structure 
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of this compound, for which they have proposed the name chloromycetm The 
followmg comparison of our material and the Parke, Davis product was made m 
the Parke, Davis laboratories through the courtesy of Dr LA Sweet 



Parke, Davts product 

Ilhnots product 

Melting point 

149 0-160 5 C 

144^147 C 

Mixed melting point 


148-149 5 C 

Peaks of ultraviolet 
absorption spectra 

Water 

278 m/i 

278 lOft 

0 1 N hydrochloric acid 

278 m^i 

278 m/I 

0 1 N sodium hydroxide 

279 m/x 

279 5 m/1 


These data m conjunction with the solubility properties and the antibacterial 
spectra leave no doubt as to the identity of the two substances 

ANTIBIOTIC ACTIVITY OP CHEMICAL PREPARATION 

All studies of antibiotic activity of the active fraction were made with a 
“crude prep ” Because of its low solubihty m water, a stock solution was pre- 
pared contaimng 0 1 mg solid m 10 per cent ethyl alcohol and sterilized through a 
glass filter to prevent adsorption Various dilutions in stenle, distilled water 
were made from the stock and added to double-strength Emerson’s agar to give 
concentrations rangmg from 1 part in 2,000 to 1 part in 20,000,000 The plates 
were held at 37 C for 24 hours before bemg streaked with the bacteria That 
the crude preparation was the active principle origmally in the culture medium 
was proved by its spectrum All bacteria that were inhibited by the organism 
were also inhibited by the “prep ” P aeruginosa, which was not inhibited on 
streak plates, required a large concentration of the compound for inhibition, 
between 1 part m 2,000 and 1 part m 10,000 Generally the activity of this 
antibiotic compares favorably with the activity of “crude preps” reported in the 
literature for streptomycm and streptothncm Most of the bactena were m- 
hibited at concentrations between 1 part m 200,000 and 1 part m 1,000,000 
Substance 8-44 was particularly effective on a smgle isolate of S hemolyticus and 
one of B abortus, which were inhibited at concentrations of 1 part m 2,000,000 to 
1 part m 10,000,000 (table 3) The activity of 8-44 was also tested m nutrient 
broth against two orgamsms obtamed from the Food and Drug Admmistration, 
E coll PCl-512 and B subtilis PCl-220 Narrower concentration ranges weie 
used in this experiment E coli was inhibited at about 1 part m 1,000,000 and 
B subtilis at about 1 part in 500,000 Salmmella schottmuellen and Shigella 
paradysenteriae (Sonne) were tested in a Difco brain heart infusion, and ap- 
proximately 50 per cent inhibition was obtamed at 0 50 pg per ml and 0 25 ug 
per ml, respectively 


ASSAY PROCEDTOES 

Difficulties were encountered m assignmg umt values to the antibiotic activity 
of shake cultures when mterpreted as streptomycm umts All assays were run 
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by the paper-disk plate method, and a phosphate buffer was used to make the 
dilutions When such dilutions were made, the values mvariably were lower 
than expected Thus if an imdiluted sample gave 432 umts, the same sample 
m a 1 3 dilution gave 37 umts If the undiluted value was divided by 4 to 
make the samples comparable, the result would be 108 and 37 units, respectn ely, 
from the same sample Therefore, experiments were made to determine the 


TABLE 3 

Inhibition of various bacteria by antibiotic 8-44 m agar 


OSGAKISU 

lONUIUMINHlB CONC 
HG/i£L 

P aeruginosa 

complete inhibition in aior 

100-500 

Alcaligenes faecalis 

50-100 

E coll 

10-50 

Mycobacterium smegmatis 

10-50 

M tuberculosis var hominis (avirulent) 

10-50 

B globigii 

10-50 

Aerobacter aerogenes 

1-5 

B subtilis 

U 

B subtilis (streptomycin-resistant) 

u 

B subtilis (streptothncin-resistant) 


S aureus 


A tumefaciens 

It 

S faecalis 


S lactis 


S hemolyticus HH6 (HI Dept of Bact ) 


-1- “ HH13 


“ HH20 “ 


“ HH7 “ 

0 1"0 5 

Brucella abortus 


Salmonella schottmuelleri 

50% inhibition in broth* 

0 50 

Shigella paradysenteriae (Sonne) 

0 25 


xiicssc uctciixmitvnuiia *A*av*c au vuc x 'i'** 

the courtesy of Dr John Ehrlich They represent concentrations giving 50 per cen J 
hibition when read turbidimetncally from broth dilution cultures (Joslyn andGa rai > 
1947) 

effect of dilution upon ring size with 8-44 and streptomycin It was found that 
rmg size is cut down more sharply wuth dilution of 8-44 than wnth streptomjc'^ 
broths, and thus gives low er values when interpreted as streptomycin units 
different type of relation must then exist betw een the concentration of 8-4 an 
ring size, compared to that of streptomycin Further studies w ere conduc c 
on assay procedures to compare the inhibition zone of B sublihs with ^ario 
concentrations of crystalline 8-44 and high purity streptomycin The stan 
curv es were estabhshed wath concentrations of 0 01 mg per ml to 0 2 mg pt^ 
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The 8-44 \\as dissolved m 10 per cent ethyl alcohol to allow for greater solubihty, 
and the streptomycin was dissolved in the regular phosphate buffer The 
average zones of inhibition from six replicates were plotted against concentra- 
tion A typical curve is shown m figure 1 The streptomycin and 8-44 curves 
cross each other at a concentration of 0 08 mg per ml At lower concentrations 
streptomycin gives larger zones of inhibition, and at higher concentrations 8-44 
gives greater inhibition The difference in these curves can be used to explam 
the low values obtained when 8-44 is interpreted in streptomycm umts, and it 
IS obvious that the more sensitive strams of B subtihs that are usually used for 
assaying at lower potencies of streptomycm would show larger discrepancies A 
straight line is obtained when the 8-44 assay values are plotted on log paper 



COhC IN uc/wv 

Fia 1 Relation between Concentration and Ring Size 

between concentrations of 0 02 mg per ml and 0 12 mg per ml, beyond that the 
slope of the curve decreases 

The edge of the inhibition zone produced by 8-44 is not so sharp as that pro- 
duced by streptomycm Attempts were made to sharpen the rmg by two 
methods (1) varymg the pH of the antibiotic medium and also of the sugar 
medium between pH 5 7 and 8 0, and (2) usmg test organisms other than B 
subhits With neither method was the desired end obtamed The rmgs can 
best be measured with ruhngs etched into glass and viewed against a black 
background Some prehmmary experiments indicate the possibihty of a tur- 
bidimetric assay procedure for 8-44 

TOXICITY 

Prehmmary studies on the culture filtrate of 8-44 showed the absence of any 
substances toxic to guinea pigs when it was injected subcutaneously at the rate 
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of 10 ml sterile broth per kilogram of body weight ® The crystalliue piepin 
tions of 8-44 also showed no deaths of mice when injected at a concentration ot 
10 mg per 20-gram mouse m 0 4 ml of 50 per cent propylene glycol ® 

DISCUSSION 

The discoveiy of moie antibiotics capable of attackmg the gram-negatue 
bacteiia is important not only because they might be efficient for diseases reli 
tively difficult to control with streptomycin, but also because of the ease m itli 
which many bactenal populations develop resistance to this antibiotic Thoiigli 
the therapeutic value of 8-44 is unknoivn, it inhibits a ivide variety of bacteria 
and deserves further mvestigation It is capable, in at least the case of B 
subtths, of in vitro inhibition of bacteria that have acquired resistance to strep 
tomycin Compound 8-44 possesses other qualities that might be advantageous 
for therapeutic use It is veiy stable to both acids and alkalis and thus, if ab 
sorbed by the enteral tiact, might be admimstered orally The relative in 
solubihty in watei might not be a limiting factor with this type of administration 
For subcutaneous injections the solubihty of 8-44 m propylene glycol provides a 
means of more direct entrance mto the body Another advantage of 8 44 b 
the ease with which it can be extracted and purified One feature of the or 
ganism, 8-44, tha^ requires more study is its susceptibility to phage, and efforts 
should therefore be made to isolate and train toward phage-iesistant strains to 
forestall the limiting action of such viruses on the production of 8-44 

We contemplate no further investigations of 8-44, since upon the completion 
of this phase of our studies we have learned that the same compound has been 
independently isolated at the Parke, Davis Research Laboratories and a publi 
cation from that institution is now m press 
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SUMMARY 

.in antibiotic has been descnbed which, in vitro, inhibits at least 22 different 
bacteria of the gram-negative, giam-positive, and acid-fast groups It is pro 
duced by a Streptomyces and is readily extracted from the giowth medium 
orgamsm is readily attacked by a Streptomyces ynseus phage 4 he crysta 
substance is relatively insoluble in vater but soluble in some organic sohen j 
It is stable to heat, to acid, and to alkali, and is readily adsorbed from so 
by activated charcoal and other agents A comparison of certain physica an^ 
chemical properties of this substance and chloiomycetm has shown the two 
be identical 


* These tests were made by Dr Is Levine of the College of Veterinary Medicine of 
Umversity of Illinois 

’ Toxicitj tests with the crjstalline material were made available through tlie co 
of Dr George F Cartland of the Upjohn Company 
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THE ISOLATION OF SALMONELLA TYPHI-MUMIJM 
FROM FERRETS 

J ANTHONY MORRIS* and DON R COBURN* 

Research Section of the Fish and Wildlife Service, U S Department of Interior, Laurel, 
Maryland, and the U S Army Medical Department Research and Graduate School, 
Army Medical Center, Washington, D C 

Received for publication December 23, 1947 

Ferrets for use as test animals in a series of studies of a viral agent ivere pur- 
chased from an outside source Animals so obtained for use at this laboratory 
are held for an observation period of 3 weeks, a tune which exceeds the mcuba- 
tion period of the viral infection 

At the expiration of the obsen ation period for one shipment of ferrets three 
animals of the lot weie inoculated with virus from the same source One of the 
three animals was sacrificed for serum the day following inoculation, and the 
organs were not cultured The livers and spleens of the remammg two animals 
were cultured, at the time of tissue harvest, on blood agar The organs from 
one of the animals gave rise to no growth A gram-negative rod m pure culture 
was isolated fiom the other The spleen of the infected animal was tnturated 
and moculated into tv, o ferrets The temperature curves of these two animals 
were not characteristic of the type commonly found to result from the viral 
agent used Ten days following inoculation one of the anunals was moribund 
Both were sacrificed 

Post-mortem exammation showed emaciation of both animals Both ex- 
hibited conjunctivitis with a clear watery discharge In one, balamtis with a 
purulent ex-udate was present A dark fibrmous exnidate in the lower mtestme 
of one animal was matched in the other by a tarry content throughout the m- 
testinal tract Petechial hemorrhages in the gastric mucosa mdicated the 
probable source of the digested blood in the latter animal Except for a marked 
anemic condition, other visceral organs appeared normal These findmgs, 
suggestive of paratyphoid infection, necessarily represented a subacute rather 
than a chronic form of the disease as commonly obsen^ed m related species of 
animals Symptoms of emaciation, conjunctivitis, and balanitis mdicated the 
probabihty of infection prior to artificial inoculation 

Bactenological cultures of livers and spleens were prepared on blood agar 
Cultures of Salmonella typhi-munum W'ere obtamed from both animals without 
interference of contammants 

The organism isolated was a gram-negative, motile, aerobic rod It produced 
no mdole when grown in tryptone broth Nitrates were reduced to mtrites 

* Bacteriologist, U S Army Medical Department Research and Graduate School, Army 
Medical Center, Washington, D C 

• Veterinarian-in charge, Wildlife Disease Investigations, Fish and Wildlife Service, 
U S Department of Interior, Laurel, Maryland 
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HaS was produced when the organism was cultivated on IQigler iron agar It 
reacted negatively to the Voges-Proskauer test and positively to the methjl 
red test 

Acid and gas were formed from glucose, manmtol, fructose, arabmose, vylose, 
dulcitol, mositol, trehalose, and maltose Lactose and sucrose were not attacked 
The antigemc formula was detenmned as LV, V, XII, i, 1, 2, 3 ’ 

Subcultures of the organisms were moculated mto a ferret and into mice A. 
24-hour plate culture suspended m 10 0 ml physiological salme was inoculated 
subcutaneously in 0 2-ml amounts mto each of five mice The ferret recened 
1 0 ml of this suspension subcutaneously All mice were dead at the end of 18 
hours The ferret was found dead at 36 hours The most pronounced lesion 
in the inoculated ferret was a suppuratmg ulcer at the site of moculation Pure 
cultures of S typhz-munum were recovered from the spleen and hver No at 
tempt was made to recover the orgamsm from the inoculated mice 

So far as we are aware parat 3 T)hoid infection has not been previously described 
m ferrets Dr P R Edwards of the National Salmonella Center, in a recent 
commumcation, states that he has no record of any Salmonella being isolated 
from this species 


SUMMARY 

The isolation of Salmonella typhx-munum from ferrets is recorded The 
symptoms and pathologic findmgs associated with paratyphoid infection are 
given, and the isolated organism is described So far as we are aware no Sal 
monella has previously been described from ferrets 

’ The antigemc formula was detennmed by the Division of Bacteriology, Army Medical 
Department Research and Graduate School 



FACTORS AFFECTING THE PRODUCTION OF TETANUS 
TOXIN TElMPERATUREi 

J HOWARD MUELLER and PAULINE A MILLER 
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Received for publication December 23, 1947 

The ^\Triters have reported (Mueller and Miller, 1947) the production of a highly 
potent toxin by what appears to be a variant strain of Clostridium tetani The 
medium that is employed contains beef heart infusion and a tryptic digest of 
casern, and an excess of iron Studies have been m progress for some time m 
an attempt to define the chemical nature of the essential components of this 
medium Certam advances have been made m this direction that will be re- 
ported later The piesent communication deals with a relatively mmor techm- 
cal detail, yet one found to have so stnkmg an influence on toxm yield that it 
seems worth bnef mention the temperature of mcubation, a matter usually 
receivmg reasonable attention, appears m this case to deserve exceptionally care- 
ful control 

Over a considerable tune penodic difficulty has been expenenced m obt ainin g 
the expected yield of 60 to 70 Lf of toxin m control tubes mcluded m experiments 
When this occurs, the sigmficance of the whole experiment is open to question 
Vanous pomts m techmque have been explored m an effort to avoid this difficulty, 
but usually the matter straightened itself out for no very obvious reason Even- 
tually attention was directed to the temperature of mcubation Cultures pre- 
sumably grew for 5 days at 34 to 35 C, but it appeared that m hot weather or m 
exceptionally cold periods there might be vanation above or below these flgures 
Prelimmary trials m which tubes were mcubated m a constant temperature 
water bath indicated a temperature effect so stnkmg that a careful series of ex- 
periments was carried out m tnphcate 

Water baths of the Warburg type were employed, m which temperatures re- 
mamed constant to withm -|- 0 1 C Medium prepared accordmg to the formula 
previously described (Mueller and Miller, 1947) was distributed m 6-by-f-mch 
tubes, a few mg of reduced Fe were added, and the tubes stenhzed m flowmg 
steam for 20 mmutes They were then cooled promptly m u ater and moculated 
with a few drops of a 24-hour broth culture of C tetani Three tubes of medium 
were mcubated m each of several water baths at different temperatures It was 
thus possible to hold to a smgle variable and to obtam tnphcate values at 
three to five different temperatures m each ex-penment Table 1 presents the 
summanzed results of three separate experiments 

Although the averages of the titers obtamed at vanous temperatures do not 
fall on a smooth curve, they do mdicate a defimte and rather sharp optimum m 
the neighborhood of 35 C Smce this conclusion has been reached, experiments 
relatmg to the composition of the medium have been made with mcubation m a 

1 Aided by a grant from the Commonwealth Fund 
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Warburg bath at 35 1C The titers of control tubes in 24 consecutive e\periinenta 
so conducted are contrasted in table 2 with titers of the last 24 experunents pre- 
viously performed m an ordmary bactenological incubator The thermostat of 

TABLE 1 

LJ of toxin produced in 5 days at various temperatures 


ieupeiahtbe (c) 



32 1 

336 

34 3 

is 1 

1 35 7 

36a 

3/ 1 

Sii 

Exp I — Lf/ml 

— 


85 

tm 

B 

65 

so 

— 


— 


80 



70 

mm 



— 

H 


B 

B 

70 

B 

B 

Exp n— Lf/ml 

35 

IB 

60 

95 

— 

B 

75 

20 


35 



100 



75 

20 


35 

B 

85 

98 

'^9 

B 

6o 

17 

Exp III — Lf/ml 


85 



110 


B 

B 

- 


— 

60 

— 

105 




— 


— 

90 

— 

110 

65 

B 

■ 


Average Lf/ml 

35 

78 

77 

103 

90 

68 

73 

19 


TABLE 2 

Lf range of toxin in incubator and water hath 



TUBES IN INCUBATOa 

TUBES Di WATT* 8^^ 

Lf/ml 

20-29 

2 



30-39 

2 

— 

40-19 

4 

— 

50-59 

9 

— 

60-69 

5 

1 

70-79 

2 

i 2 

80-89 

— 

3 

90-99 

— 

S 

100-110 

— 

11 

Total 

24 

24 


the latter was adjusted to 35 C, but the temperature surely \aned b} ‘‘t 
-}-l C and may hav e gone to 37 C or above on hot dajs 


DISCUSSION 

In general, the influence of temperature on bacterial growth is too well Imo 
to require extensive comment It is thoroughly discussed in its various -ep'v 
by Porter (1946), and Dorn and Rahn (1939) have shown that even for t 
organism different functions may reciuire different optimal temperatures 
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formation, mfluenced probably by many variables, is perhaps delayed by sub- 
optimal temperatures, whereas its denaturation may be accelerated by a moder- 
ate excess of heat On the other hand, it is possible that as the resultant of 
multiple metabolic functions of the organism, any lack of balance m the entire 
growth process would be reflected m an alteration m the yield It is probably 
significant that, although the mcubator and water bath settings were practically 
identical, the former undoubtedly underwent penodic variations above and be- 
low 35 C, whereas in the water bath a considerable degree of uniformity was 
obtamed With this more careful control of temperature, a noteworthy improve- 
ment m regularity of toxin production was achieved, and average titers rose from 
50 to 60 to 90 to 100 Lf per ml 

One of the puzzling difficulties encountered in our earher work has been the 
failure to obtam as good juelds of tetanus toxm m flasks or bottles of large size 
as in test tubes contammg 20 ml of medium Possibly these observations on 
temperature will offer a partial explanation for this phenomenon, although pre- 
hmmary experiments indicate that it is not the only, or perhaps the most im- 
portant, factor 
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Turbidimetnc test Before the pure substance was obtained, a method of 
following antibacterial activity was employed m which the end pomt ivas con 
sidered to be that dilution of the antibiotic culture filtrate or concentrate that 
inhibited the growdh of an actively growing test organism in broth by 50 per 
cent (Josl3m and Galbraith, 1947) 

Turbidimetnc assay of Chloromycetin Methods for isolation of chloromycetm 
from culture hqmds and certain physical and chemical properties of tlie crystal 
line substance have already been reported (Bartz, 1948) With the pure com 
pound available,- it became possible to express the antibacterial activity of 
solutions of the antibiotic (culture hqmds, body fluids, etc ) gravimetncalh 
m terms of a crystalhne reference standard A daily standard curve is draiin 
by plottmg the percentage of growdh of Shigella paradysenieriae (Sonne) on a 
hnear scale against broth dilution of the standard on a logarithmic scale Sam 
pies for assay, in the form of clear but not necessarily sterile solutions, are 
diluted on the basis of estimated potency and their assay potency is calculated 
from the standard curve A more detailed description of the turbidimetnc 
method of assay is in preparation 

Broth Culture Filtrates 

Antibacterial activity The orgamsm was first grown in media 1 to 8, without 
agar, in 100-ml quantities in 500-ml Erlenmeyer flasks on a rotary shaking 
machme After an appropnate growth period the culture hquid was withdrawn, 
filtered to remove the orgamsm, and tested The data on a typical early expen 
ment are given m table 2 The antibiotic titer was relatively low The greatcat 
dilutions of shaken culture filtrate giving 50 per cent inhibition of the test species 
were not determined in most cases because of the labor mvolved Yet the 
data demonstrated that antibiotic activity was present, that the sensitivity of 
five test species was in approximately the same order as in the agar plate tcat, 
and that antibiotic titer w^as consistently greater in the maltose media The 
results of a later experiment usmg medium 8 are given in table 3 Here the 
antibiotic titer was considerably higher, permitting calculation of the dilution 
for the 50 per cent inhibition end point Smce Shigella paradysentenae (Sonne) 
proved to be consistently the most sensitive of these five test species, it 
decided to employ this culture as the assay organism 

Antiviral and antinckettsial activity When a Seitz filtrate of an early off 
potency shaken flask culture in Waksman’s streptomycin medium was test 
by methods descnbed below, no sigmficant effect was observed against t e 
viruses of St Loins encephahtis or of type A influenza in mice, but indic^oo^ 
of activity against Rickettsia proicazeLi in chick embryos were obtamed 
results are presented below m the section on chemotherapy of expenmen 
typhus (figure 2) 

PRODUCnVITT OF SUBMERGED CULTURE MEDLX 

Equipment and methods Chloromycetin has been produced m aerated, 
submerged culture m several tyqies of containers Erlenmeyer flasks on ro a ,< 

* Early lots were prepared by Quentin R Bartz, later lota, by Clark E Cottrell 
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shaking machines and laboratory fermenters were employed for exploratory 
media studies, for the furmshing of material for the development of extraction 

TABLE 2 


TuThtdimelnc data on culture filtrates of the Sireplomyces in shaken fiasks 


TEST SPECCES 

, DttU 

1 TION 

1 SHAKEN CUETtniE UEDIA 

D 

B 

1 3 


B 

m 

B 

1 8 


i 



percentage oj tnhtbiiion 



Escherichia coh 

1 10 


, 85 

89 


■ 

73 

Kl 

81 


20 

B 


72 


— 

42 


60 

Klebsiella pneumoniae type A 

1 10 

0 


93 


0 

90 

12 

87 


20 

B 

88 

83 

100 

B 

PI 

14 

81 


siO 

40 

B 


55 

m 

B 


B 

42 


45 

H 

50 

— 

B 

B 

— 

B 

— 


125 

B 

— 

— 

51 

B 

— 

B 

— 

Salmonella schottmuelleri 

1 10 

0 

87 

90 



o' 

73 

0 

84 


20 

— 

77 

77 

100 

— 

50 

— 

63 

Shigella paradysenteriae (Sonne) 

1 10 ' 

0 

92 

100 

— 

0 

89 

0 

94 


20 

— 

86 

85 

100 


73 

— 

81 

Staphylococcus aureus 

1 

1 10 1 

0 

100 

71 

90 

0 

58 

0 

63 


20 

B 

85 

46 

80 

B 

28 

D 

32 

Streptococcus tnndans 


B 

1 

1 

1 

1 

i 


B 


B 


“ P D 04171 

1 100 ; 


B 


41* 


B 



“ PD 04150 

1 100 1 

B 

B 

B 

55* 

B 

B 



“ PD 04365 

1 100 



B 

41* 

^9 

B 

^9 


“ PD 04409 

1 100 , 

B 

B 

B 

50* 

B 

B 

B 

H 


* These values are based upon a filtrate that caused 50 per cent inhibition of Klebsiella 
pneumoniae when diluted 1 200 


TABLE 3 


Turhidimetric data on a shaken culture filtrate of the Streptomyces using medium 8 


TEST SPECIES 

1 100 J 

DILHIZONS 

1 1 200 j 1 250 1 1 300 1 

1 

1 

1 ] 400 

CAIC DlLimOV 
POX 

50% INHIB 



percentage of tnhiitUon 



Escherichia coh 

84 

60 

49 

36 

21 

1 250 

Klebsiella pneumoniae A 

87 

69 

54 

44 

29 

270 

Salmonella schottmuelleri 

86 

62 

56 

47 ' 

36 

285 

Shigella paradysenteriae (Sonne) 

100 

81 

78 

67 

57 

>400 

Staphylococcus aureus j 

43 

17 

15 

<10 

<10 

<100 


and purification procedures, and for imtial chemical work on the properties and 
structure of crystalline Chloromycetin Larger amounts of culture hquid to 
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furnish material for further chemical work and for pharmacological studies 
were produced m horizontal and vertical fermenters Either spore suspensions 
from agar culture or vegetative hquid cultures were used as inoculum Tlie 
temperature m all eqmpment was mamtamed between 23 and 27 C 
Culture media Studies on media composition have been made largely on tlie 
shakmg machines 

Reference has been made above to the superiority of maltose to glucose in 
various media Table 4, portraymg a typical experiment, shows that, uhereas 

TABLE 4 


Effect of carbohydrates on biosynthesis of Chloromycetin in shaken flasks 


BASE ilEDnni CASAiUNO ACIDS 0 S%, B Y PEBHESTATION SOtUBLES 0 5%, 
SODIUU CHLOfilDE 0 5%, PLUS 

UEAN POTENCIES OF QaAOIC?Ll 
CATE PLASCSAmiSDUi 

carbohydrate 

per cent ' 

W/ml 

Glucose 

1 0 

<19 

Lactose 

1 0 

<10 

Maltose 

1 0 

24 

Glycerol 

1 0 

47 


TABLE 5 

Effect of various proteins and protein hydrolysates on biosynthesis of Chloromycetin 

in shaken flasks 


UEAN POTENCIES Of 
QUADIUPUCVTB PLISCS AHEI 


SODroii’CHLOKIDE 0S%, PLVS 

Jdays 

4 days 

1 5 days 

1 6diin 

protein 

% 


Ml/ml 


Soya 





66 

Soybean oil meal (Staley) 

0 5 

59 

60 

55 

Alpha protein (Ghdden) 

0 5 

69 

72 

71 

SI 

Protein hydrolyzate (Publicker) 

0 5 

76 

SO 

y4 1 

86 

MUk 





87 

Labco casein (Borden) 

0 5 

54 

83 

92 

N-Z amine B (Sheffield) 

0 5 

23 

78 

82 

81 

Meat 





116 

Hog stomach residue (P , D & Co ) 

0 5 

96 

118 

105 

Tryptone (Difco) 

0 5 

136 

169 

155 

161 

Peptone (Difco) 

0 5 

103 

106 

115 

IIU 


results with lactose were of the same order as those w'lth glucose, glycerol 
even more effective than maltose m effecting biosynthesis of chloromycetm 

A variety of emmal and vegetable proteins and protein hydrolyzatcs, mclu iDd 
milk, corn, soya, wheat, cotton seed, and meat products, were tested for t eir 
effectneness m glycerol media The meat products were found superior, in 
most cases, to the others Difco peptone, Difco trjqitone, and a hog stonw > 
residue’ produced the best jnelds The latter is a waste product and v as mo: 

* A concentrated and dried residue from ground hog stomachs extracted with ailiM 
the production of “\entnculin” (Parke, Davis and Company) 
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often used because of its availability Table 5 depicts an experiment m which 
various soya, milk, and meat proteins and hydrolyzates were compared It 
will be noted that not only v ere the activities produced by the meat products 
considerably higher, but these high activities were reached in a shorter period 
of time than the highest activities produced by the soya or milk products 
The replacement of B-Y fermentation solubles (CSC) by molasses has re- 
cently been found possible Yeast products, beef extract, distillers solubles, 
and corn steep sohds resulted in lowered activity A comparison of several of 
these materials is made m table 6 The quantities used had been found m pre- 
hmmary experiments to be the optimum concentrations m the base medium 

TABLE 6 


Effect of lanous supplementari/ materials on biosynthesis of Chloromycetin 
in shaken flasks 


BASE lOlOIUU GLYCEBOL 1 0% HOG STOUACH BESIDOE 0 5% SODITJU CHLOBIDE 
Q^% PLUS 

UEAK POI£2iXl£5 OP 
QDADBUPLICAXE PLASES APIEB 

3 days j 4 days 5 days | 6 days 

supplementary material 

% 


lig/ml 


Corn steep solids (Corn Prod Ref ) 

0 8 

25 

98 

88 

83 

Brewers’ yeast type 2019 (Standard Brands) 

0 7 

<25 

35 

33 

34 

Distillers’ solubles (Brown and Forman) 

1 0 

<25 

<25 

<25 

30 

B-Y fermentation solubles (CSC) 

0 5 

114 

119 


113 

Molasses (Brer Rabbit green label) 

1 0 

142 

137 

118 i 

137 


TABLE 7 


Course of Chloromycetin potency and pH of culture liquid 


AGE 

POTENCY 

BEACnO'i 

hours 

Itt/inl 

pa 

0 

— 

6 70 

65 

68 

6 10 

89 

82 

5 25 

97 

78 

5 79 

113 

78 

5 89 


It would appear that there are as yet umdentified substances m both molasses 
and B-Y fermentation solubles, which is the residue from a molasses fermenta- 
tion process for the production of mdustrial alcohol, that are capable of stunu- 
latmg chloromycetm production by the organism 

Dunng the course of the elaboration of chloromycetm by the organism, the 
pH of the culture hqmd tends to drop during the early part of the mcubation 
period It has frequently been obsened that the concentration of chloro- 
mycetm in the culture hqmd is greatest vhen the pH has fallen to its loiiest 
point or shortly after it has begun to rise agam Table 7 shows the course of 
the pH and the increase in amount of chloromycetm in a typical experiment 
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ANTIBIOTIC ACTIYITY OP CRYSTALLINE CHLOROMYCETIN 

In Vitro Activity 

The results of in vitro tests of antibiotic activity of crystalline Chloromycetin, 
already reported in part (Ehrhch et al , 1947), are summarized in table 8 

Antibacterial activity Although methods of testing and recording bacteno- 
static activity necessanly varied for different species, the results m the first 
section of table 8 show that Chloromycetin is considerably more active in broth 
culture against several giam-negative species than against the gram-positi\e 
and acid-fast species tested When compared with streptomycin (table 8, notes 
p and q), chloromycetm is thus approximately one- tenth as active against strep 
tomycm-sensitive strains of Mycobacterium tuberculosis, 1 to 2 times as active 
against Bacillus mycoides and Staphylococcus aureus, and 2 to 16 times as active 
against the gram-negative organisms compared When compared with penicil 
Im (table 8, notes o and p), chloromycetm is 7 to 36 times as active against the 
gram-negative species tested, approximately one-fiftieth as active agamst the 
209 strain of Staphylococcus aureus, and remarkably active agamst a Schuhardt 
tick stram of Borrelia recurrentis in a 2-hour test m which 100 I U per ml of 
peniciUm are inactive 

The data on M tuberculosis show that chloromycetm maintains its activit) 
sufficiently at 37 C m the presence of beef plasma to prevent growth They 
show also that a substrain of M tuberculosis highly resistant to streptomycm is 
not more resistant to chloromycetm than the streptomycin-sensitive parent 
stram 

Antifungal activity Neither 200 pg of chloromycetm per ml of broth nor 
12,500 pg per ml of agar — highest concentrations tested — inhibited the growth 
of the pathogemc yeasts and filamentous fungi tested 

Antiprotozoal activity When Pelomyxa carolinensis, a large multinucleatc 
rhizopod, and Tetrahymena geleii, a small cihated protozoan, were placed into 
chloromycetm-saturated buffered culture solution and into chloromycetm 
saturated 2 per cent proteose-peptone solution, respectively, the appearance and 
observable activities of these two free-hvmg species remamed unchanged over a 
48-hour penod Similarly, when Trichomonas foetus was placed m a near j 
saturated solution of chloromycetm m 0 7 per cent saline, the organisms were 
not killed m 7 hours, as compared with 1 5 hours' death time m an equal con 
centration of calcium penicillin solution Likewise when Endainoeba histolybca 
was placed m diphasic egg-Locke medium contammg graded dilutions ot a 
boiled Locke overlay solution of chloromycetm, the numbers of motile ame ae 
after mcubation at 37 C for 48 hours decreased only to an extent attribute c 
to inhibition of the associated mixed bactenal flora 

Chemotherapy 

A number of tests on experimentally infected animals have been initiated 
Certam of these tests are bemg extended, but the following descriptions are m 
dicativ e of the activity of chloromycetm m infected animals 



TABLE 8 

Antibiotic activity of Chloromycetin tn vitro 


TEST SPECIES 

AND STRAIN 




CONCENTRATION 

CtJLTURE UEDIUU 

UETBOD OE TESTIKO 

END POINT OBSERVED 

OP 




REQUIRED 





jis/mJ 

Bacteria 





Bacillus my- 

Difco brain heart 

Broth dilution 

50% of growth 

0 50‘> 

coides (PD 

infusion (pH 


(turbidimetri- 


04595) 

7 4) 


cally) of control 
after 4-5 hours 





at 37 C 


Borrelia recur- 

2 5% Rat serum 

Buffer dilution 

Death within 2 

2 50” 

renlis’’ (Schu- 

-p buffer (pH 


hours at 37 C 


hardt) 

7 0) 


50% motile after 2 


Borrelia recur- 

2 5% Rat serum 


0 00625 

rentis' (Schu- 

-(- buffer (pH 


hours at 37 C 


hardt) 

7 0) 




Brucella abortus 

Difco tryptose 

Agar dilution 

No growth (bv un- 

2 00 

(Huddleson 

(pH 6 9) 


aided eye) after 


1335) 



24 hours at 37 C 


Brucella meliten- 

Difco tryptose 

Broth dilution 

No growth (bv un- 

0 50i 

sis’’ (recent 

(fortified)” 


aided eye) after 


reisolate from 


several days at 


guinea pig) 



37 C 


Brucella suis’’ 

Difco tryptose 

<< <( 

No growth (bvun- 

0 50'* 

(moderate 

(fortified)” 


aided eye) after 


guinea pig 



several days at 


virulence) 



37 C 


Eberthella ty- 

Difco brain heart 


50% of grow th 

0 25’’ 

phosa (N 1 H 
“Hopkina”) 

infusion (pH 


(turbidimetri- 

7 4) 


cally) of control 
after 3-4 hours 





at 37 C 


Escherichia coli 

Difco brain heart 

it (( 

60% of growth 

0 33p 

(PD 01495) 

infusion (pH 


(turbidimetri- 

7 4) 


cally) of control 

1 after 3-4 hours 






at 37 C 


Hemophilus 

Sauer’s (rabbit) 

Agar dilution 

No growth fby un- 
aided eye) after 

0 2 

pertussis, 

blood 



phase 1/ 
high mouse 



72 hours at 35 C 


virulence 
(PD 04692) 





Klebsiella pneu- 

Difco brain heart 

<< it 

50% of growth 

0 33>’ 

moniae, type 

infusion (pH 


(turbidimetri- 

A (PD 04544) 

7 4) 


cally) of control 
after 3-4 hours 





at 37 C 


Mycobacterium 

Youmans’ syn- 

<< (( 

No growth (by un- 

12 51 

tuberculosis v 

thetic* (pH 


aided eye) after 


homtnis‘ 

(H37Rv) 

Mycobacterium 

7 0) 

1 

2 weeks at 37 C 


Youmans’ syn- 

1 ti tt 

No growth (bv un- 

12 5 

tuberculosis v 

thetic* (pH 


aided eye) after 


hominis' 

(H37RvB)' 

7 0) 

1 (< <C 

2 weeks at 37 C 


Mycobacterium 

Youmans’ syn- 


No growth (by un- 

12 5 

tuberculosis v 

thetic“ -p 10% 


aided eye) after 


homims° 

(H37Rv) 

Mycobacterium 

beef plasma 


2 weeks at 37 C 


Youmans’ syn- 

<( it 

No growth (by un 

12 5 

tuberculosis v 

thetic' -p 10% 


aided eye) after 


Aomtnis* 

(H37RvR)' 

beef plasma 


2 weeks at 37 C 


Pasteurella 

Synder et al , 

<< (C 

No growth (turbi- 

0 4-10=* 

tularensis^ 

peptone’ 


dimetrically 

(Schu, and 



and by plate 


Church) 



counts) after 96 
hours 
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TABLE 8 — Continued 


TIST SPEOZS 

AKD STRAIN 

CULTURE iiEDIUU 

ICETHOD or TESTING 

END POINT OBSERVED 

COVOXTlArwl 

op 

CHLoaou^aT:» 

IXQnUD 






Bacteria — 





Continued 





Proteus vulgaris 

Difco brain heart 

Agar dilution 

50% of growth 

0 33 

(PD 04736) 

infusion (pH 


(turbidimetri- 



7 4) 


cally) of control 





after 3-4 hours 





at 37 C 


Salmonella 

Difco brain heart 

tc 

50% of growth 

0 33i> 

schottmuelleri 

infusion (pH 


(turbidimetn 


(PD 01180) 

7 4) 


cally) of contro 

I 




after 3-4 hours 





at 37 C 


Shigella para- 

Difco brain heart 

Broth dilution 

50% of growth 

0 20? 

dysenleriae 

infusion (pH 


(turbidimetn- 


(Sonne) (PD 

7 4) 


cally) of control 


04628) 



after 3-4 hours 





at 37 C 


Staphylococcus 

Difco brain heart 

(( ft 

50% of growth 

1 OO’ 

aureus (N I 

infusion (pH 


(turbidimetn- 


H 209) 

7 4) 


cally) of control 





after 3-4 hours 





at 37 C 


Streptococcus 

Difco brain heart 

(t (t 

50% of growth 

0 63 

pyogenes (PD 

infusion (pH 


(turbidimetn- 


04472) 

7 4) 


cally) of control 





after 5-6 hours 





at 37 C 


Yeasts and fila- 



Results obtained with highest 

mentousfungii 



concentration 

tested 





mtt"i 

Candida albi- 

Sabouraud’s glu- 

Broth dilution 

No inhibition after] 

0 20 

cans (PD 

cose + neopep- 


24 hours at 37 C 


04600) 

tone (pH 5 8) 




Candida albi- 

Sabouraud’s glu- 

Agar diffusion 

No inhibition after 

12 5 

cans (PD 

cose -f neopep- 


24 hours at 37 C 


04600) 

tone (pH 5 8) 




Cryptococcus 

Sabouraud’s glu- 

Broth dilution 

No inhibition after 

0 20 

neoformans 

cose -b neopep- 


24 hours at 37 C 


(N I H 3713) 

tone (pH 5 8) 




Cryptococcus 

Sabouraud’s glu- 

Agar diffusion 

No inhibition after 

12 5 

neoformans 

cose -r neopep- 


24 hours at 37 C 


(NIH 3713) 

tone (pH 5 8) 




'\Iicrosporum 

Sabouraud’s glu- 

Broth dilution 

No inhibition after 

0 20 

audouini 

cose -f neopep- 


10 daj s at 28 G 


(NIH 239) 

tone (pH 5 8) 




Microsporum 

Sabouraud’s glu- 

(( t( 

No inhibition after 

0 20 

cams (NIH 

cose -b neopep- 


10 days at 28 C 


237) 

tone (pH 5 8) 




Trichophyton 

Sabouraud’s glu- 

1C iC 

No inhibition after 

0 20 

interdigitale 

cose -b neopep- 


10 dajs at 28 C 


(N I H 640) 

tone (pH 5 8) 




Trichophyton 

Sabouraud’s glu- 

Agar diffusion 

No inhibition after 

12 0 

interdigitale 

cose -b neopep- 


6 days at room 


(NIH 640) 

tone (pH 5 8) 


temperature 

___ — . 

Protozoa 



Results obtained with hiDh'’J 




concentration t 

estta 

Endamoeba his- 

Egg — Locke di- 

Broth dilution in 

No significant de 

1 0 

tolylica* mth 

phasic (pH 

Locke overlaj 

crease in number 


mi\ed bac- 

7 9) 

1 

of motile amt- 


tenal flora (U 


1 

bae after 4S_ i 


of Chicago) 


Sat soln in I 

hours at 3i G i 


Pelomyza carol- 

Pace and Kimura 


No change map j 


tnensis' 

buffer^ (pH 

buffer 1 

pearanct, loco | 



6 S-7 0) 

1 

motion, etc , 




1 

during 48 hours 



1 

1 

at 25 C 1 

— — 








TABLE 8 — Concluded 


TEST SPrOES 

AKD STSA12) 

CULTUM MEDIUM 

METHOD 0? TESTUTC 

END POINT OBSEEVED 

CONCENTEATIOV 

OP 

CHLOEOM^CETXN 

XEQUtEED 

Protozoa — 
Continued 



Results obtained ■ 
concentration 

with highest 
tested 

mg/ml 

Telrahymena 

geleii' 

2 0% proteose 
peptone, Difco 
(pH 6 8) 

Sat soln in 
broth 

No change in ap- 
pearance, loco- 
motion, etc , 
during 48 hours 
at 25 C 

2 5 

Trichomonas 
foetus’' (B B 
Morgan 

0 7% sodium 
chloride 

Saline dilution 

No deaths during 

7 hours at 37 O 

2 0 


* Tested under the direction of Paul E Thompson by Donald L Bush at the Research 
Laboratories of Parke, Davis and Company, Detroit 

'> Tested by E H Kelly and A N Gorehck at Camp Detrick, Frederick, Maryland 
” Fortified with 1 per cent glucose, 0 01 mg per cent thiamine hydrochloride, and 1 mg 
per cent ferrous sulfate Organisms were added in 5 per cent volume of a solution contain- 
ing 0 1 per cent tryptose and 0 5 per cent sodium chloride 

These values are tentative and may be modified as the result of repetition 

• Tested by Guy P Youmans at the Department of Bacteriology, Northwestern Uni- 
versity Medical School, Chicago 

' Streptomycin-resistant substrain of H37Rv (Williston and Youmans, 1947) 
s Youmans and Karlson, 1947 

^ Tested by H T Eigelsbach and I W Gibby at Camp Detrick, Frederick, Maryland 
‘ Two per cent Difco peptone, 1 per cent sodium chloride, and 0 1 per cent glucose, ad- 
justed to pH 7 0 before sterilization (Snyder et al , 1946) 

' Tested under the direction of Arthur B Hillegas by Bessie D Moore at the Research 
Laboratories of Parke, Davis and Company, Detroit 

^ Tested under the direction of Paul E Thompson by Betty Lou Lilligren at the Re- 
search Laboratories of Parke, Davis and Company, Detroit 

' Tested under the direction of Donald M Pace by David Russell at the Department 
of Physiology, Umversity of Nebraska, Lincoln 
“ Pace and :&mura, 1946 

“ Tested by Thomas F Reutner at the Research Laboratories of Parke, Davis and Com- 
pany, Detroit 

“ Although pemcillin was effective against Borreha recurrentis after prolonged contact, 
100 I U per ml had no effect in 2 hours (Schuhardt) 
p Concentrations required for comparable effect 


OBGANISM 

1 

PEVICIUJN 

CHXOBOMYCETIN ' 

SATIO 


/ U /ml c: tig/rrtl 

lie/ml 

P/C 

E cdi 

14 8 4 

0 33 

25 

K pntumonuit 

4 Z 4 

0 33 

7 

S tchottmutUen 

4 2 4 

0 33 

7 

8 paTQdyttTxienae (Sonne) 

12 7 2 

0 20 

36 

5 aweut 

0 03 0 013 

1 00 

0 013 


IN DUCO PENASSAY BEOTH 






STEEPTOMYCIN BASE 

CHLOEOMTCETIN 

EATIO 


m/ml 

lit/nU 

s/c 

B mycoulei 

0 66 

0 63 

1 Oj 

E typho^a 1 

1 65 

0 36 

4 61 

E coll ^ 

2 50 

0 50 

5 00 

K pneumoniae 

0 5o 

0 25 

2 20 

P vnlgarie 

8 00 

0 Ji 

16 0 

S ^oUmiuUen 

1 6o 

0 50 

3 32 

8 paradysenUriae (Sonne) . 

1 00 

0 33 

3 00 

S aureu4 ' 

1 65 

1 00 

1 65 


I Most virulent strains of the tubercle bacillus are completelj inhibited under compara- 
ble conditions bj less than 2 0 iig streptomycin base per ml (Youmans and Karlson, 1947) 
'Tested by R W Sarber at the Research Laboratories of the Parke, Davis and Com- 
pany, Detroit 
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Experimental avian malaria * Starting 6 hours before inoculation with the 
12A strain of Plasmodium lophurae by the intravenous injection of parasitized 
blood, groups of three 100-g duckhngs were treated twice daily by the intrapen- 
toneal route with chloromycetin in 50 pei cent propylene glycol until the un 
treated controls reached their parasitemia peaks on the fifth day hlaMmum 
tolerated doses (200 mg per kg per day) were vnthout antimalarial effect, aj 
determmed by comparison of the parasitemia m the treated birds with that in 
the untreated controls 


Experimental rabbit syphilis Rabbits infected with the Nichols strain of 
Treponema pallidum and receiving chloromycetm intramuscularly at the rate of 
25 mg per kg per day in two divided doses for 8 days showed no change m lesions 
or disappearance of spirochetes Although daily dosages of 50 and 100 mg per 
kg cleared the lesions of spirochetes, the effect proved to be temporary 
Experimental mouse septicemias Exploratory experiments, usmg small num 
bers of mice infected mtraperitoneally with lethal doses of virulent Klebsiella 
pneumoniae (t3npe A), Shigella paradysentenae (Flexner), Shigella paradysenleriai 
(Sonne), Diplococcus pneumoniae (type I), Streptococcus hemolyticus, and Strep- 
tococcus vindans and treated subcutaneously with chloromycetm in 20 per cent 
propylene glycol, streptomycm sulfate, or penicillm G, showed that chloro- 
mycetin was quahtatively similar to streptomycin but quantitatively inferior 
m protective action 

Experimental tuberculosis Mouse chemotherapy Subcutaneous and oral 
chemotherapeutic tests have been undertaken by Dr Youmans,® who will report 


m a separate publication 

Tuberculostatic blood levels Guinea pigs ® In order to ascertam by a short 
method whether or not tuberculostatic blood levels of chloromycetm are readily 
attainable, Drs Feldman and Karlson performed an “in vivo, in vitro" test with 
700-g gmnea pigs Each of two animals received subcutaneously 15 ml of an 
0 85 per cent sodium chlonde solution contammg 2 5 mg chloromycetm per ml 


every 2 hours for 3 mjections, so that each animal received a total of appro’ci- 
mately 160 mg chloromycetm per kg of body weight, they were bled 1 hour after 
the last mjection Each of two animals received by mtubation 10 ml of a sus 
pension contammg 13 5 mg chloromycetm per ml hourly for 5 doses or a tota 
of 964 mg per kg each , these animals were bled 1 hour after the last injection 
The specimens of blood from the treated a nim als and two specimens from norma 
guinea pigs were placed m a refrigerator overmght The serum from eac 
animal was collected from the clot about 16 hours after bleeding and mn^ed wit 
an equal volume of Proskauer and Beck liquid medium This mixture 
dispensed m 3-ml amounts mto test tubes and moculated wnth 0 1 mg tuberc e 
bacilh H37Rv After 10 days of incubation at 37 C it was found that the gro.vt 


* Tested by Paul E Thompson, the Research Laboratories of Parke, Davis and Compiay, 

Detroit 32, Michigan rii nnn 

* Guj P Youmans, Northwestern Umversity Medical School, Chicago U, mm 

* Determined by William H Feldman and Alfred G Karlson, The Mayo Foun * 
Umversity of Minnesota, Rochester, ilinnesota 
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m tubes containing serum from treated animals was grossly equal to that in the 
control tubes In view of the previously demonstrated stabihty of Chloromycetin 
under these %n vitro conditions, it is concluded that tuberculostatic blood levels 
were not present at the time when the treated animals were bled 

Expenmenial virus infections Chloromycetm has given negative results 
against type A influenza vuus m eggs and mice and agamst St Louis encephahtis 
virus and fixed rabies virus m mice Some mdication of protection was ob- 
tamed against Newcastle disease m young chickens, but tests agamst the causal 
virus m embryonated eggs were negative ’’ We have done no work with any 
member of the psittacosis group of viruses, but Smadel and Jackson (1947) have 
reported positive results 

Experimental epidemic typhus in chick embryos Smadel and Jackson (1947) 
have already reported that chloromycetm has considerable chemotherapeutic 
activity, under experimental conditions, against several nckettsial agents 
Their mvestigations are contmumg and will be reported elsewhere 

The foUowmg studies were made early m the development of this drug in 
connection with the antiviral and antmckettsial screemng program m progress 
m this laboratory 

Methods The Breml stram of Rickettsia prowazeki, used throughout the 
study, has been mamtamed by yolk-sac passage m 6-day embryonated eggs 
The seed for chemotherapeutic tests consists of pools of bacteriologically stenle 
rickettsia-nch yolk sacs ground as a 10 per cent suspension m buffered milk and 
stored m sealed ampoules at — 70 C Prior to use a representative ampoule is 
thawed and the suspension titrated in 6-day embryonated eggs to determine the 
dilution required to kill approximately 50 per cent of the embryos upon the 
admimstration of 0 5 ml mto the yolk sac by the sixth day postinfection 

For the tests, the yolk sacs of groups of 20 to 30 fertile eggs previously in- 
cubated for 6 days at 37 5 C are mjected with 0 5 ml per egg of the properly 
diluted seed material through a small hole in the shell over the air space The 
hole 18 sealed with collodion and mcubation is contmued at 35 C for the remamder 
of the test Seventy-two hours after inoculation the eggs are candled, the dead 
and weak embryos are discarded, and treatment is begun Unless otherwise 
stated, all treatment was withheld until after this 72-hour mcubation period to 
allow the infection to become established Treatment consists of administra- 
tion of 0 5 ml of the test matenal mto the yolk sac daily for 1 to 6 days In each 
experiment, a control group of infected eggs mjected with 0 5-ml doses of sterile 
sahne solution according to the same schedule is included All eggs are candled 
daily, those contaimng dead embryos opened and yolk-sac smears made and 
examined for the presence of nckettsiae by a modification of Macchiavello’s 
technique Embryos dying before the fourth day postinfection are not con- 
sidered m the test and those survivmg 14 days postinfection are sacrificed and 
examined for nckettsiae Those of the latter are considered dead if nckettsiae 
are demonstrated, and survivors if smears are negative 

’ Tests conducted by Herman M Salk of Parke, Davis and Company 
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Each group of test embryos is compared with the corresponding control group 
by calculating the harmomc mean death time® for each group and the percentage 
djrmg after the fifth day with demonstrable rickettsiae in yolk-sac smears 
With this strain of R prowazeLt and the dose used it is extremely difficult to 
demonstrate free rickettsiae in imtreated embryos dying before the fifth day 
and, for this reason, only those embryos dying after the fifth day are included 
in the calculation of the percentage of positives 



Fig 2 Effect of an Early Shaken-Culture Filtrate of the STREProutCLS oi 
R PRowAZEKi Infection in Chick Embryos 

Experimental results The first indications of the antirickettsial activity of 
chloromycetm were obtained from tests on early crude culture filtrates 
The results of the first test, w ith a filtrate, are given in figure 2 Since at t lat 
tune methods of evaluating activity had not been well developed, the concentra- 
tion of chloromycetm used is unknown and was undoubtedly very lou 
total of 3 0 ml of the crude broth filtered through a no 10 ilandicr filter can e 

• The reciprocal of the mean of the reciprocals or lln(l/xi + l/x + l/xi + 

1/X This mean is preferable to the arithmetic mean death time since it allo«s me 

of survi% ors inasmuch as 1/ = =0 i ri /is jeJ 

® This work was done under the direction of A. H Killingcr, then of Parkt, Ua 

Companj 
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\\ as administered to each egg m 6 daily doses of 0 5 ml each, starting m this case 
on the second day postinfection The resultmg 0 3-day delay in mean death 
time IS ]ust below the level of statistical significance,'® however, when considered 
m conjunction ivith subsequent work and contrasted with the results on other 
substances tested durmg that period, these results probably cannot be attributed 
to chance alone 



Fig 3 Effect of Increasing Doses of Chloboutcetin on Experimental Infection 
OF Chick Bubbtos with R pbowazbki 


When crystalline chloromycetm was obtamed, the question of antirickettsial 
activity was reopened In the first experiment, treatments were made with a 
Seitz EK filtrate of an aqueous solution contammg 1 mg per 3 ml, and with 1 2 
and 1 4 dilutions of this solution m sterile physiological sahne Starting on the 
third day postinfection, each concentration was administered m 4 daily 0 5-ml 
doses for totals of 167, 333, and 667 fig per egg, respectively (figure 3, B, C, and 

Statistical analysis was made by “Student’s” method for measurement data P m 
the figures refers to probability that delay in death tune could be due to chance alone 
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D) Even the smallest dosage resulted m a statistically significant prolongition 
of mean death time and m marked decrease m demonstrable nckettsiae in the 
smears As the total dose was increased, the mean death time was conespond 
ingly prolonged , with the largest dose, 667 ng per egg, 8 embryos or 33 5 per 
cent survived the 14 days’ incubation period When the survivors vere sacn- 
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the drug m certain tissues or fluids at the expense of its concentration in the 
yolk sac 

To investigate the possible effect of nnmmal amounts of Chloromycetin and of 
preinfection and postinfection admmistration of the drug, the study shown in 



Fig 6 Effect of Massive Doses of Streptomycin, Methylene Beue, and paea-Amino- 
BENZoic Acid on R pbowazefli Infection in the Chick Embryo 

figure 4 was performed It can be seen that as little as 17 ng (B) of Chloromycetin 
administered m one dose on the third day postmfection caused a defimte pro- 
longation of life and a change in the shape of the cumulative death curve The 
larger doses, 167 iig (C) and 334 ng (D), the latter given m two doses, caused 
increasingly greater prolongations of life Little difference was demonstrated 
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In the effectiveness of a 167-;ug dose, whether given 1 hour preinfection (E) or 3 
days postinfection (C) 

For comparison with Chloromycetin the results of treatment with high coa 
centrations of three drugs that have been reported active against experimental 
infections with rickettsiae (Greiff el al , 1944, Hamilton el al , 1945, Kikuth anil 
Schilling, 1944, Morgan el al , 1947, Smadel, Jackson, and Gauld, 1947) are 
given in figure 5 This study was made at about the same time and in the some 
manner as the foregoing experiments and should be comparable m all respects 
Relatively large amounts of a low-potency streptom 5 ’’cin hydrochloride, of 
methylene blue, and of para-aminobenzoic acid were given over a 5-day perioil 
to three groups of infected embryos (figure 5, B, C, and D) From a compan 
son of these and similar data, Chloromycetin, gram for gram, appears to be 
decidedly more effective against R prowazela than any other agent tested under 
these experimental conditions m chick embryos 


PHARMACOLOGY OP CHLOROMYCETIN IN ANIMALS 

Toxicily for Small Animals 

When admimstered intravenously to 20-g white mice in propylene glycol, the 
maximum tolerated dose of Chloromycetin was 200 mg per kg, the LDm was 
approximately 245 mg per kg Administered oially as an acacia suspension, 1 
g per kg produced depression in some animals, with recovery in less than 24 
hours, tremors and prostration occurred after 1 25 g per kg, followed by re- 
covery When 100 mg per kg per day were administered subcutaneously in 20 
per cent propylene glycol in two divided daily doses, only slight depression of 
weight gam was noted in 15 days Divided subcutaneous doses of 200 mg per 
kg per day were tolerated at least 11 days, doses above 400 mg per kg per day 
produced ataxia, weight loss, and death in a few days Local ulceration occurred 
at the site of repeated subcutaneous mjection When Chloromycetin was ad 
mimstered to 20-g mice for 14 days in a ground diet, normal weight gain oc- 
curred at 0 25 per cent concentration (360 mg drug per kg per day), on 1 percent 
drug diet (1,290 mg per kg per day) there were no deaths but the mice lost an 
average of 15 per cent in body weight during the treatment period Rabbits 
tolerated 100 mg per kg per day in two daily subcutaneous injections in 20 per 
cent propylene glycol for at least 8 days 


Dogs 

Toxicity Tw o dogs received acute intravenous doses of Chloromycetin as an 
8 per cent solution in 75 per cent propylene glycol, injected at the rate of ap- 
proximately 3 5 ml per minute The doses employed were 50 and 100 mg pci' 
kg Xo symptoms were noted other than a transient rise in body temperature 
(0 5 and 1 1 F) within an hour after injection and a return to normal m scura 

hours ^ 

The effects of mtraxenous Chloromycetin in pure propylene gly col (100 mg 
drug per ml of solution) upon blood pressure were tested in four nembuta ii>- 
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dogs A dose of 12 5 mg per kg injected at the rate of 100 mg of drug per 
mmute was mthout effect Smgle doses of 25, 50, and 100 mg per kg at the 
same mjection rate resulted m declines in blood pressure of 15, 40, and 60 per 
cent, followed by recovery in 8, 10, and 20 minutes, respectively A smgle dose 
of 150 mg per kg injected at the rate of 450 mg per mmute caused sudden death 
as a result of fall in blood pressure and respiratory failure One dog survived 
two 100-mg per kg doses one half-hour apart, but not a third such mjection 

On intramuscular injection of a 1 0-g dose of chloromycetm suspended m 3 
ml peanut oil into the thighs of three dogs, mild swelhng occurred at the injec- 
tion site in two animals On autopsy 7 days postinjection, a large thick-walled 
cyst contammg a gelatinous fibrotic mass was found in each injection area 
There was httle or no cellular infiltration at the periphery of the cyst When 
single doses of 150 to 300 mg of chloromycetm m 2 ml of 70 per cent propylene 
glycol were mjected mtramuscularly m dogs, considerable pam was evidenced at 
the time of injection, but no swelhng was noted 24 hours later at the mjection 
site, nor was tissue injury evident at autopsy 7 days later 

Four 7- to 14-kg dogs were given chloromycetm twice daily, 5 days a week, 
for 38 doses durmg a 24-day experiment Three of the animals received the 
antibiotic twice daily as an intramuscular dose of 0 5 g in colloidal solution in 
2 ml of 62 per cent propylene glycol (72 to 88 mg per kg per day) One dog 
received 0 5 g of the drug twice daily in gelatin capsules (143 mg per kg per day) 

The three animals receivmg chloromycetm by mjection gamed shghtly in 
body weight (0 25 to 1 0 kg) durmg the treatment period A senes of mjection 
sites were used m rotation such that each site was reinjected every fourth day 
Induration occurred at the sites, and on autopsy the muscle area appeared pale, 
mdurated, and necrotic Followmg injections, there was a shght (1 to 2 F) 
transient rise in body temperature, accompanied by an mcrease m pulse rate of 
15 to 40 beats per minute Anemia developed in varying degrees in these three 
animals In the most severe case, the initial red cell count and hemoglobin 
percentage (5 3 X 10® per cu mm, 85 per cent) fell to a minimum by the tenth 
day (2 3 X 10® per cu mm, 42 per cent) and rose to 3 7 X 10® per cu mm and 60 
per cent, respectively, by the end of the experiment The anemia in another 
anim al developed gradually durmg the treatment period, and the final values 
were approximately those of the first animal In the mildest case, the imtial 
values (5 8 X 10® per cu mm, 91 per cent) fell to 4 3 X 10® per cu mm and 85 
per cent by the tenth day and returned to final values of 5 2 X 10® per cu mm 
and 85 per cent 

The one dog receivmg chloromycetm by the oral route lost 0 3 kg m body 
weight during the 24-day treatment period There were no changes in body 
temperature or pulse rate associated ivith drug mtake, nor did alteration of the 
red cell count or hemoglobm value occur 

None of the fom dogs receivmg parenteral or oral doses showed significant 
changes m total white cell or differential counts, blood nonprotem mtrogen, 

n By Graham Chen, the Research Laboratories of Parke, Davis and Company 
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blood sugar, or bromsulfalem liver function tests, nor uere alterations m be 
havior referable to drug toxicity noted The urme of all animals remunal con 
sistently free of albumin and reducing sugar, and the urinary pH and specitie 
gravity were within normal limits 

Absorption and excretion Chloromycetm serum and unne concentrations 
were determined m each dog on the eighth and twenty-second days of treat 
ment, specimens were taken just prior to the first dose of the particular day (IS 
hours after the last dose), 2 hours after the first and second doses of the same 

TABLE 9 

Absorption and excretion of single doses of chloromycetm in the dog 


CONCENTIAnOV OF CSLOSOltYCEHN IN BtOOD AND DUNE 


intE 

j Intravenoua route* 

19 mg/kg 

latiamuscular route^ 

101 mg/kg 


Oral route® 

S6mgAg 


Serum 

Urine'* 

Uime 

Senun 

Urme'* 

Uime 

Serum 

Urme'* 

Uivae 

hours 

V-tIrd 

iUlml 

itg/sPccmen 

M/ml 

iit/ml 

ug/specimen 

Itl/ml 

Mini 


0 

<6 

2-3 

— 

<1 

<1 

— 

<6 

0 

— 

1. 

A 

17 

— 

— 

— 

— 

— 

— 

— 

— 

1 

3 

13 

— 

— 

<3 

— 

— 

— 

— 

— 

1 

10 

— 

— 

5 

— 

— 

<6 

— 

— 

2 

7 

644 

10,300 

7 

114 

5,590 

8 

283 

1,OSO 

4 

<6 

426 

3,620 

5 

157 

6,440 

25 

1,360 

8,lt0 

6 

<6 

190 

1,900 

3 

198 

5,740 

25 

2,510 

13,950 

7 

— 

— 

— 

3 

184 

1,360 

— 

— 

— 

8 

<6 

70 

700 

— 

— 

— 

20 

2,080 

10,620 

24 

<6 

9 

970 

<1 

75 

16,500 

<6 

121 

17,550 

30 I 

— 

1 

— 

— 

47 

1,360 

— 

— 

— 

48 

— 

— 

— 

— 

8 

1,890 

— 

— 


Total unnary excretion, 

PS 

Percentage of dose ex- 
creted in urine- 

17,490 

8 7 



38,880 

3 9 



5S,2t0 

7 3 


* A dose of 200 mg drug as a 4 per cent solution in 60 per cent propylene glycol wss ad 


ministered to a 10 5-kg dog 

A 1-gram dose of drug was given suspended in 3 ml peanut oil to a 9 9 kg dog 
' A dose of 800 mg m gelatin capsules was given to a 9 3-kg dog 
Urine samples represented the total collection from the time of the previous spccimiii 

day, and just prior to the first dose of the following day (18 hours after the last 
dose and 16 hours after the last specimen) There ivas no indication of £ 
accumulation of the drug m the body Intramuscular injections resulted m - 
hour serum levels rangmg from less than 1 to 29 pg per ml, the majontj ^ 
samples (10 out of 12) feU m the range of 2 to 6 pg per ml The 18-hour leve 
after injection were usually (11 samples out of 12) m the range of from le^ t - 
1 to 2 pg per ml Unne concentrations of 36 to 406 pg per ml were note 
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the one orally treated ammal, 2-hour serum levels ranged from 6 to 19 //g per ml 
Eighteen-hour serum levels were usually less than 2 fig per ml Urme concen- 
trations were comparable to those obtained on parenteral admunstration 

Prehmmaiy observations were made on the absorption and excretion of Chloro- 
mycetin m dogs after a smgle dose of drug by the oral (1 ammal), mtravenous 
(1 ammal), and mtramuscular (3 ammals) routes Typical data are summanzed 
in table 9 The antibiotic appears to be fairly rapidly excreted or inactivated 
The comparable urinary percentage of recovenes of chloromycetin after oral 
and parenteral administration and the similar drug serum levels durmg chrome 
oral and mtramuscular admunstration mdicate that a high percentage of the 
drug is absorbed when given orally 

BUJDIVG BY SERUM 4.LBUMIN 

The bindmg of crystalhne chloromycetm by serum albiunm was measured^ 
by a modification of the method of van Dyke e( al (1945) usmg 3 per cent crys- 
talhne bovine serum albumm Chloromycetm was bound to the extent of 45 
per cent, which is mtermediate between the values of 38 and 70 per cent found 
for sulfadiazine and sulfathiazole, respectively, at correspondmg equihbrium 
concentrations However, m contrast to these agents, the bmdmg of chloro- 
mycetm IS relatively little affected by variations m drug concentration Since 
the degree of adsorption varies markedly with the amount of protem present, it 
IS estimated that the bmdmg by albumm at the blood-stream concentration 
would approach 60 per cent 


DISCUSSION 

The work on chloromycetm is stiU at an early stage, and many pertment ques- 
tions await answers Its antibiotic spectrum tn vitro is bemg expanded, and, as 
indications of activity appear, in vivo studies are bemg undertaken Since anti- 
bacterial in vitro studies have already mdicated that chloromycetm possesses 
activity against Borrelia recurrentis and several gram-negative pathogens, ani- 
mal trials mth these organisms are proceedmg Of the potentiahties of chloro- 
mycetm presented m this paper and m that of Smadel and Jackson (1947), the 
most outstanding is its effectiveness m nckettsial infections of chick embryos 
and mice This substance, m small doses, admimstered either orally or parenter- 
ally, afforded greater protection against all the rickettsiae studied than has any 
othe r agent yet tested Furthermore, even the largest doses produced no toxic 
symptoms m the control animals 

Intravenously m mice and mtramusculaily m dogs chloromycetm appears to 
be well tolerated in smgle doses of approximately 0 1 g per kg of body weight 
Somewhat larger doses are tolerated orally, although further studies are neces- 
sary to define the upper limits of tolerance Anemia develops m dogs on chrome 
parenteral admimstration, but it has not yet been noted after oral admmistra- 
tion, further studies are m progress to clarify this pomt The greater part of a 

* By John M Vandenbelt, the Besearch Laboratories of Parke, Davis and Company 
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Single dose is excreted or presumably destroyed in 6 to S hours Lcss than 10 
per cent of the dose appears in the unne, indicating extensive inactivation by the 
body and perhaps excretion by other routes With repeated doses it appears that 
serum lex els of 2 to 6 ftg per ml may be maintained Binding by serum albumin 
appears to be sufficiently low to permit satisfactory diftusion into body fluid" 

Chloromycetin has not been evaluated in man, and little is known of its action 
on healthy and diseased animals Yet the information thus far available sug 
gests certam limitations and advantages that might attend its employment in 
human medicine The limited i\ ater solubility and the irritant properties of 
suspensions of the drug on intramuscular injection in dogs appear to contraimh 
cate this route of admimstration for systemic infections in man, the oral route 
would appear to be feasible, m view of the apparently high degree of gastro- 
intestinal absorption and favorable tolerance by this route in animals Should 
the toxicity of the antibiotic m man prove to be no greater than the data on 
laboratory animals v ould indicate, its demonstrated antibiotic activity suggeats 
the possibihty of usefulness against certain of the spirochetes, several gram 
negative species, and notably the rickettsiae 
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SUIULXRX 

An unidentified Slreplomyces has been isolated that produces an antibiotic 
substance called “chlorom> cetm ” Antibiotic screening tests on solid an in 
hquid media are desenbed The organism produces chloromycetm in saibmcrota 
aerated culture in sex eral types of media, those containing meat proteins, g 
cerol, and supplementaiy material such as molasses giving the best yie s ^ 
turbidunetnc assay method, in which 50 per cent inhibition of growth h t a ti ' 
point, has been del eloped 

Crxstallme chloromycetm has been found m i i/ro to be inactive agains >v-- 
and filamentous fungi, inactive against protozoa, moderately active 
gram-positive bacteria and Mycobaclertum lubcrculoiis, and active against gr 
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negative bacteria and Borrelia recurrenlis The crystalline antibiotic, in vivo, 
has afforded no protection against avian malaria in ducks, syphilis m rabbits, 
pneumococcus and streptococcus infections in mice, or against type A influenza, 
St Louis encephalitis, and fixed rabies virus infections in mice or m eggs, but 
moderate protection against Klebsiella and Shigella infections in mice, and re- 
markable protection against Rickettsia prowazeki m chick embryos 
The toxicity of the antibiotic for laboratory animals is of the order of that of 
streptomycm Although chloromycetm is only sbghtly soluble in water, it 
may be admimstered parenterally m propylene glycol solutions, oral administra- 
tion is also possible, since it appears to be well absorbed from the gastromtestmal 
tract of the dog After single doses in the dog, only small amounts of anti- 
bacterial substances are excreted m the urme, mdicatmg mactivation in the 
body and perhaps excretion by other routes 
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It vs possible to induce profound changes in the flagellar antigens of SalTUonella 
through growth m media containing H antisera These changes were recently 
summanzed by Edwards and Moran (Proc Soc Exptl Biol Med , 61, 242) 
Hitherto, the only changes reported m the 0 antigens were those associated with 
vanation between smooth and rough forms and those occurrmg in natural form 
vanation In this laboratory attempts to transform 0 antigens by the method 
of Boivin et al (Experientia, 2, 139) and by growth m vanous combmations of 
S and R antisera and S vaccmes have been unsuccessful However, by a modi- 
fication of the method of Gard (Z Hyg , 120, 615) in which absorbed 0 anti- 
serums were used in high concentration, it was possible to bring about certain 
changes 

When S anaium (III,X,XXV1 e,h-I,6) was cultivated m semisolid medium 
containing III,X,XXVI serum that had been absorbed with a type having 0 
antigens III,XV', the organisms gradually spread through the medium From 
the spreadmg growth was isolated a form that was indistmguishable from S 
n&wingim (IIipCV e,h-l,6) by agglutmation and absorption tests Absorption 
of the III,X,XXVI serum by S nemngton, S Cambridge (in,XV e,h-l,w), or S 
new-brmsimck (III,XV l,v-l,7) gave the same results The mduced IIIjXV 
e,h-l,6 form was then reverted to a typical S anatum strain by cultivation m 
absorbed III, XV serum Similarly, S meleagndis (III,X,XXVT e,h-l,w) was 
changed to a form mdistmguishable from S Cambridge (III,XV e,h-l,w) 

Although filtrates similar to those employed by Boivm were not used in the 
experiments, it must be remembered that the serums were absorbed with very 
large doses of bactena and probably contained dissolved antigens as well as 
metabohc products Thus the pnnciple that induced the changes may be the 
same as that mvolved in Boivm’s work with Escherichia call Further, attention 
should be called to the fact that the changes descnbed are only transformations 
between subgroups of the same 0 group Whether similar experiments will 
permit transformation between distmct 0 groups or whether they will lead only 
to rough vanation remains to be determined 

^ The investigation reported in this paper is connected with a project of the Kentucky 
Agricultural Experiment Station and is published by permission of the Director It was 
supported in part by a research grant from the U S Public Health Service 
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Current hypotheses of the mode of bactericidal action of chlorme suppose a 
direct combmation of some chemical species of the chlorme with the bacterial 
protoplasm produemg a toxic orgamc complex (Porter, 1946) Although this 
view IS a gieat advance over earher concepts, it stdl lacks precision in terms of 
our present knowledge of the intennediaiy metabohsm of cells 
The marked efficiency of chlorme, exerting a bactencidal action m concentra- 
tions of 0 2 to 2 0 ppm m water, will at once classify it as a biologically active 
“trace substance ” It may consequently be assumed to exert its effect upon the 
enzyme systems of the cell (Green, 1941) By mvestigation of the effect of 
chlorine on bactena and on various enzymes, its bactencidal effect has been shoira 
to depend upon the inhibition of certam essential enzyme systems, and the 
mechamsm of this inhibition involves the powerful oxidative action of chlorine 
on the — SH groups of these enzymes 

METHODS 

Active chlorme was estimated by the acid-iodme thiosulfate titration procedure 
(Calvert, 1943) Chlorme solutions, when not otherwise specified, were ob- 
tamed by neutrahzmg and filtering a fresh solution of calcium hypochlonte 
The vanous bactena were grown m Roux bottles on meat infusion agar at 37 
C for 16 hours, han^ested by centnfugmg the sahne washmgs, washed twice with 
0 4 per cent s alin e solution, and stored at 0 C In later experiments Bschmchia 
coh were grown m 8-hter quantities of casern digest broth, aerated by a 
stream of filtered air, then harvested similarly 

Bactenal suspensions of known mtrogen content were exposed to the chlonne 
solutions at 37 C for 10 mmutes (except in expenments on exposure time, table 
2) m the presence of 0 2 m phosphate buffer, pH 7 0 The amount of chlonne 
used 13 expressed as Mg of active chlonne per mg of bactenal mtrogen present 
In some expenments (tables 1, 2, and 3) any excess chlorme compound remam- 
mg after the exposure was removed by the addition of a shght excess of 0 1 n 
thiosulfate The suspension was then washed by dilution ivith water, centn- 
fuged at high speed, and resuspended m the origmal volume No differences m 
metabolic activity or viabihty were detected betw een cells treated m this manner 
and those diluted directly from the chlorme solution for the expenments The 

‘ This investigation was conducted under contract with the Committee on Medical Re- 
search of the Office of Scientific Research and Development and at the request of the 
Office of the Quartermaster General 
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metabolic activity of the tieated bacterial suspensions and ol untreated eei 
trols was then deterimned by the usual Warburg technique E coh, tor cx 
ample, consistently showed v ith glucose a Qo-. X of 1,000 to 1,200 d 

The viability of the bactena was determined by subculture of the siiuo .u. 
pension used for the manometric determinations A loopful of the suspei’ ua 
was streaked onto a Difco agar plate and incubated for 12 hours at 37 C, 0 
indicated stenlity, ±, trace of growth, +, sparse growth, and ++, prohic 
growth In other experiments w'lth E coh, plate counts were made (tiguru 
1, 2) At the conclusion of the manometric run (15 minutes), a suitable dilutiua 
of the bactena from the cups was made xvith sterile saline and inocuLtcd into 
pour plates of Difco Endo agar Counts recorded are the a\ erage of duplaatt.s 
after 24 hours’ mcubation 

The aldolase-triosephosphonc dehydrogenase system of muscle w vs prep vied 
by the method of Green, Needham, and Dew an (1937), the d-amiiio acid oxidxo 
by the method of Warburg and Christian (1938), and the glutamic asp irtic 
transaminase by the method of Green, Leloir, and Xocito (1915) Vldol isc iroin 
bacteria was prepared by grinding a tluck suspension of E cob in a Booth Cirii.n 
mill, centnfugmg off the cell debus, dialyzing against dilute NallCOj overnight, 
and fractionating with ammonium sulfate It was assayed by the method ct 
Herbert, Gordon, Subrahmanyan, and Green (1940) w ith the addition of 0 001 u 
MnSO^ to the reaction 

We wnsh to thank Dr Gordon Fair for generous supplies of chlorine and 
iodine compounds 


DETERMI.N XTIOX OF THE BACTfclUCIDXL AMOUNT Ol CHLORLNf 


Only those effects of chlorme produced by concentrations cciual to, or kss tli m, 
the bactericidal concentration are germane to the problem of the rnceh inisin e. 
bactencidal action Prehminaiy experiments to determine the baetene dal 
amount under our conditions revealed that the bactericidal effect of ehloniie v-aa 
not simplj related to the concentration of chlorine, but depended largelv up' ^ 
the number of bacteria present 

-Vs shown in table 1, more chlorine is required to kill more baeterii 11- 
bactericidal concentration of chlorine therefore vanes with the number ol L t 
teria, but the ratio of chlorine to bacteria is rcmarkabl> constant 1 his h sho >n 
more preeiselir m figures 1 and 2 This dependence of bactencidal vetion up' a 
the amount of chlorine for a given amount of bactena proved tobee^.pe^n^eIJt '!• 
useful, since comparable results could be obtained under widel> different eo 
tions In particular, it prov ided a value for the bactericidal imoiint of eh'or r 
which could be applied equally .veil to bacteria and to enzyme proteins ^ 

The bactericidal range ol chlorine amounts was determined more pne^ 
bv plate counts ol the surviving bacteria Figure 1 sho.vs the {x.rccnt«o 
death in bacterial populations ..ith increasing amounts oi chlorine [/> r . 

bacterial X Tne inhibit’on bv chlorine ol a certain enzv me lum tion, il it j 

resDOns’bk lor the bactencidal effect on the b-cte'm, must occur .it i i 


range ot chlorine amounts sho n in figure 1 


iuth b-ctenc 1 o’- ' 
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chlorine are far below the amount causing cell lysis of E coh or nonspecific pio- 
tein denaturation 


EFFECT OP CHLORINE 

In figure 1 is also given the percentage of inhibition of glucose oxidation i\uth 
increasing amounts of chlorine per mg of bacterial N, determmed m the same 
experiments as the bactericidal effect Of the various segments of metabolic 


TABLE 1 

Vanatton of mintmum elective bactericidal concentration of chlorine with concentration of 

Escherichia coh 



/rg Cl/mg N 

Fig 1 The Pekcbntagb OP E coli Killed (O) and Inhibition op Glucose 
Oxidation (O) by Chloeinb 

activity susceptible to measurement, glucose breakdown may be accepted as 
the reaction most generally essential to all cells It can be seen that death of 
the cells parallels the i n h i bition of glucose oxidation, as would be expected if 
loss of such essential enzymes caused death The separation of the curves at 
higher chlorme concentrations suggests that the relatively resistant cells of the 
population are those that oxidize glucose more rapidly This inhibition of glu- 
cose oxidation equal to the kiUmg effect has been found consistently m over a 
himdred experiments under different conditions and occurs with bacteria grown 












THE INHIBITION OF SULFHYDRYL ENZYMES AS THE BASIS 
OF THE BACTERICIDAL ACTION OF CHLORINEi 

W B KNOX, P K STUMPF, D E GREEN, and V H AUERBACH 

Enzyme Laboratory, Department of Medicine, College of Physicians and Surgeons, 
Columbia University, New York, N Y 

Received for publication November 20, 1947 

Current hypotheses of the mode of bactericidal action of chlorine suppose a 
direct combination of some chemical species of the chlorme ivith the bactenal 
protoplasm producing a toxic orgaiuc complex (Porter, 1946) Although this 
view is a gieat advance over eaiher concepts, it still lacks precision m terms of 
our present knowledge of the intermediary metabohsm of cells 

The marked efficiency of chlorme, exerting a bacteiicidal action in concentia- 
tions of 0 2 to 2 0 ppm m water, will at once classify it as a biologically active 
“trace substance ” It may consequently be assumed to exert its effect upon the 
enzyme systems of the cell (Green, 1941) By mvestigation of the effect of 
chlorme on bacteria and on various enzymes, its bactencidal effect has been shoivn 
to depend upon the inhibition of certam essential enzyme systems, and the 
mechanism of this inhibition involves the powerful oxidative action of chlorme 
on the — SH groups of these enzymes 

METHODS 

Active chlorme was estimated by the acid-iodme thiosulfate titration procedure 
(Calvert, 1943) Chlorme solutions, when not othenvise specified, were ob- 
tamed by neutrahzmg and filtermg a fresh solution of calcium hypochlonte 

The various bacteria were grown in Roux bottles on meat infusion agar at 37 
C for 16 hours, harvested by centnfugmg the sahue washings, washed tnice with 
0 4 per cent sahne solution, and stored at 0 C In later experiments Escherichia 
coll were grown m 8-hter quantities of casern digest broth, aerated by a 
stream of filtered air, then harvested sunilarly 

Bacterial suspensions of knoivn mtrogen content weie exposed to the chlorme 
solutions at 37 C for 10 mmutes (except m expenments on exposure time, table 
2) m the presence of 0 2 M phosphate buffer, pH 7 0 The amount of chlonne 
used IS expressed as pg of active chlonne per mg of bacterial mtrogen present 
In some experiments (tables 1, 2, and 3) any excess chlorme compound remam- 
mg after the exposure was removed by the addition of a slight excess of 0 1 n 
thiosulfate The suspension was then washed by dilution ivith water, centn- 
fuged at high speed, and resuspended m the origmal volume No differences m 
metabohc activity or viabihty were detected between cells treated m this manner 
and those diluted directly from the chlorme solution for the experiments The 

1 This investigation was conducted under contract with the Committee on Medical Re- 
search of the Office of Scientific Research and Development and at the request of the 
Office of the Quartermaster General 


451 



152 KNOX, STOMPF, GRtEX, \XD \UEIU3\CH [>0L o 

metabobc activity of the treated bacterial suspensions md ot untreated ei.a 
trols vas then determined by the usual Warburg teelinique E coh, for a 
ample, consistent!}" shoved with glucose a Qo. N of 1,000 to 1,200 |.l 

The viability of the bacteria was determined b} subculture of the t une 
pension used for the manometric determinations A loopful of the suspei’ .l". 
vas streaked onto a Difco agar plate and incubated for 12 hours it 37 C,0 
indicated stenhty, ±, trace of growth, +, spaise groivth, and ++, prulili. 
growth In other experunents with B coh, plate counts v ere in ide (li^r a 
1, 2) At the conclusion of the manometric run (15 minutes), a suitable dilutioa 
of the bacteria from the cups was made vith sterile saline and inoeulakd into 
pour plates of Difco Endo agar Counts recorded are the a\ cr ige of dupln. du 
after 21 hours’ incubation 

The aldolase-triosephosphoric dehydrogenase system of muscle was prcpirud 
by the method of Green, Needham, and Dew an (1937), the d-amino acid ovida^o 
by the method of Warburg and Christian (1938), and the glut unic aspartii. 
transanunase by the method of Green, Leloir, and Nocito (1945) Mdol ise inni 
bacteria was prepared by grinding a thick suspension of E coh in a Booth Grii-a 
mill, centnfugmg off the cell debus, dialyzing against dilute NallCOj ovcriiittht, 
and fractionating with ammonium sulfate It was assayed by the method ot 
Herbert, Gordon, Subrahmanyan, and Green (1940) with the addition of 0001 d 
MnS 04 to the reaction 

We wash to thank Dr Goidon Fair for generous supplies of chlormc 
iodine compounds 

DLTERinXXTXON OF THE nVCTERIClDiL AMOUNT Oi tllLORLNL 

Only those effects of chlormc produced by concentrations cqu il to, or less tli 
the bactericidal concentration are germane to the problem of the mccli ini-in ot 
bactericidal action Prehminary experiments to determine the b ictcra 
amount under our conditions revealed that the bactericidal effect of chlormc « a 
not simpl} related to the concentration of chlorine, but depended largcl* npea 
the number of bacteria present 
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chlorine are far below the amount causmg cell lysis of E coh or nonspecific pio- 
tein denaturation 


EFFECT OF CHLORINE 

In figure 1 is also given the percentage of inhibition of glucose oxidation with 
increasmg amounts of chlorine per mg of bacterial N, determined in the same 
experiments as the bacteiicidal effect Of the various segments of metabolic 


TABLE 1 

Vanalion of mtntmum effective bactericidal concentration of chlorine with concentration of 

Escherichia coh 



/tg Cl/mg N 

Fia 1 The Percentage of E coei Killed ( o ) and Inhibition op Glucose 
Oxidation (O) bt Chlorine 


activity susceptible to measurement, glucose breakdown may be accepted as 
the reaction most generally essential to all cells It can be seen that death of 
the cells parallels the mhibition of glucose oxidation, as would be expected if 
loss of such essential enaymes caused death The separation of the curves at 
higher chlorine concentrations suggests that the relatively resistant cells of the 
population are those that oxidize glucose more rapidly This inhibition of glu- 
cose oxidation equal to the kilhng effect has been found consistently m over a 
himdred experiments under different conditions and occurs with bactena grown 
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on different media, aerobically and anaerobically, as well as with a vanetj of 
bactenal species 

In tables 2 and 3 are given values determmed by subculture and manometric 
experiments showing that sterility of bacterial suspensions occurs only when 
chlorme has inhibited glucose oxidation fully In table 2 the effects on glucoa; 
oxidation and kilhng are seen to be parallel for different times of exposure The 
effect IS complete m 10 minutes under oui conditions In table 3 is shown the 

TABLE 2 

Inhibition of glucose oxidation in Escherichia call suspensions and viability after various tints 

of exposure to chlorine 


ACnVE CmOBINE 0 jg/C1/uo N) 



95 

1 186 

Exposure tune (minutes) 

0 5 

5 

10 

0 5 

5 

10 

Glucose oxidation (per cent inhibition) 

16 I 

41 

59 

95 

100 

100 

Growth (subculture) 

++ 

++ 

++ 

+ 

0 

0 


TABLE 3 

Effect of various chlorinating agents on oxidation of glucose and viability of bacteria 


COMPOnVD 



Hala 2 one 

HypochJorile 

SucuBchloruuti^ 

Proteus vulgaris 






100 

HZ chlonne/mg N 

214 

106 

286 

143 

211 

Glucose oxidation (per cent inhibition) 

100 

91 

100 

92 

100 

7o 

Growth (subculture) 

0 

± 

0 

± 

0 

+ 

Serratia marcescens 






so 

Hg chlorine/mg N 

214 

106 

286 

100 

ICO 

Glucose oxidation (per cent inhibition) 

100 

50 

100 

40 

lOO 

20 

Growth (subculture) 

0 

-1- + 

0 


0 

++ 

Aerobacter aerogenes 





160 

so 

HZ chlonne/mg N 

214 

106 

286 

143 

Glucose oxidation (per cent inhibition) 

100 

79 

100 

95 

100 

71 

Growth (subculture) 

0 

+ 

0 

db 

0 

+ T 

Escherichia coli 





ISS 

31 

HZ chlonne/mg N 

237 

117 

286 

188 

Glucose oxidation (per cent inhibition) 

lOO 

77 

100 

83 

100 


Growth (subculture) 

0 

+ + 

0 

-f 

0 

-f-r 


parallelism of inhibition of glucose oxidation and bacterial death for \anoui 
chlorme compounds in sea eral bactenal species 

This correlation of glucose oxidation inhibition with cell death is suffitica^ < 
general to suggest that chlorine acts by specifically inhibiting one or more ot 
enzjmes of glucose oxidation Smce the integrity of this system 
for aiabihty, the cell dies The possibihtj that the inhibition of gluco.e ow - 
tion IS a result of cell death, rather than a cause, is unlikely Bactena 1 1 
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other means, such as acetone or ultrasomcs, can still oxidize glucose Further 
proof of this view is given in table 4 lodoacetic acid, known to inhibit glucose 
breakdown specifically, hkewise causes a parallel inhibition of glucose oxidation 
and cell viability 


CHLORINE AS AN — SH ENZXME INHIBITOK 

Although chlorine has not previously been shoira to act on — SH groups, its 
effect on several classical sulfhydryl enzymes shows it to be an exceptionally 
good inhibitor The inhibition of papam (table 5), for example, is sufficiently 

TABLE 4 

Effect of lodoacetic acid on glucose oxidation and growth oj Escherichia coli 
(Growth, determined after 10 hours’ incubation of bacteria plus lodoaeetate in 3 ml of meat 
infusion broth, pH 7 Glucose oxidation measured with bacterial suspension 
after 2 hours’ exposure to lodoacetic acid in phosphate buffer, pH 7) 


1 

CONCENTHATIO'^ 0? lODOACETlC ACID j 

GiKowra ] 

PE£ CENT EfSISaJON OT CiUCOSE 
OXIDAXIOV 

pfm ! 



1,200 j 

0 

100 

600 i 

0 

100 

120 

+ 

54 

60 


0 

0 

+++ 

* 0 


TABLE 5 


Effect of chlorine concentrations of I Co 10 ppm on inhibition of papain action (0 2S mg enzyme 

N/ml) 


CO\CENT2AT10N OT C3L02JNE 

1 

crazBnroY 

CLOTHNC HiOS 1 

ppm 


nunuUs \ 

per unt 

0 

0 

1 6 

0 

0 7 

2 7 

1 1 1 

27 

1 4 

5 4 

0 86 

43 

4 2 

16 2 

0 43 

71 

8 4 

32 3 

0 24 

85 


great that it has been used for an extremely sensitive assay of free chlorme m 
water supphes (Green and Stumpf, 1946) In table 6 the effect of different chlo- 
rine compounds on the extremely sensitive sulfhydiyl system, zymohexase- 
triosephosphate dehydrogenase from rabbit muscle, descnbed by Herbert, 
Gordon, Subrahmanyan, and Green (1940), and on d-ammo acid oxidase and 
transammase, identified as sulfhydiyl enzymes by Smger and Barron (1945), 
13 compared with the inhibition of glucose oxidation m E coh Similarlj , suc- 
cmic oxidase is inhibited by low amounts of chlorme, but catalase, a nonsulfhy- 
dryl enzyme, is not affected 

Chlorine may, therefore, be classed with that group of suffbydiyl enzyme 
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mlubitors acting by oxidation It has the property common m this group of 
producmg an irreversible inhibition of the enzyme All attempts to reiero 
the chlonne effect on enz 3 rmes or bacteria, after it v as once estabhslied, b) the 
addition of cysteme or glutathione i\ ere unsuccessful 
Consideration of the impressive arra> of — SH enzymes collected by Barron 

TABLE 6 

Amount of chlonne for complete inhibition of several animal sulfhydryl enzyme systems 
compared with glucose oxidation in Escherichia colt 
(500 MS/ml of N in all experiments Figures refer to active chlorine concentration m 

tig/mg N) 


SSAGEKI 

GLUCOSE OXIDATIOS ! 
0? E COLI j 

aldolase I 

TSIOSEPHOSPHATE 

DEn^DEOCENASE 

d u^^o Acn> 
OXIDASE 

T2AXSAXUASX 

Hypochlonte 


27 

270 

1,300 

Bfalazone 


22 

— 

— 

Suocinchlommde 

■■ 

22 

1 

270 

1 

1,000 

1 



/ig Cl/mg N 

Fig 2 The Peecentagb of Ikhibitiox op E com Gltcoltsis (•) axd or tub Isoiato 

■tlXIOLASE (O) BY ClILOBIXE 

and Singer (1945) leaves no doubt that such an effective — ^bll reagent as cblorin 
could cause cell death by the interruption of essential metabolic systems, 
ablj at sexeral loci, and produce the oosened effects on glucose oxidation 
X labihty It remamed only to be demonstrated, therefore, that the infiibiti''-|i^ ^ 
glucose oxidation by chlonne causing tell death could indeed be reftrre' 
sufficiently sensitixe enzyme in the bactena 
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IDENTIFICATION OF ALDOLASE AS A CHLORINE-SENSITIVE 
ENZTME IN E CO LI 

Although it IS quite probable that several enzymes may possess the character- 
istics sensitizing them to the action of chlorine, and that a multiple effect of 
chlorine occurs in the cell’s metabohsm, attempts were made to identify at least 
one such locus by studymg different segments of the glucose-oxidizing system 
Figure 2 shows the inhibition by chlorine of glycolysis m E coh Although 
the full relationship of the glycolytic to oxidative cycles for E coh has not 
been worked out, glycolysis occurs similarly m yeast and muscle (Utter and 
Werkman, 1941) and may be assumed to represent part of the glucose oxidation 
pathway An enzyme of the glycolytic system m muscle, the aldolase-triose- 
phosphoric dehydrogenase, is shown in table 6 to be easily sensitive enough to 
account for the bactericidal effect if a similar enzyme exists m the bacteria 
The aldolase enzyme of E coh has been studied by Utter and Werkman (1941) 
They concluded from their study that the bacterial enzyme was identical with 
the analogous enzymes of muscle and yeast This enzyme was prepared by us 
(see Methods) and found to be sensitu e to the vanous oxidizing sulfhydryl re- 
agents such as chlorine, ferncjamde, H 2 O 2 , and lodosobenzoic acid, but not al- 
loxan It was unaffected by the alkylating or mercaptide-forming sulfhydryl 
reagents It differed from other aldolases in its specific requirement for Mn++ 
for full activity In figure 2 the chlorme inhibition of this partially purified 
enzyme prepared from E coh is presented along with the inhibition of glycolysis 
m the mtact cells It can be seen that the aldolase of E coh is sensitive to chlo- 
rme m the same degree as glycolysis and glucose oxidation The failure to ob- 
tam 100 per cent inhibition may be a property of the in mtro system, which is 
tested in the presence of cyamde However, the effect on aldolase can only be 
considered representative of the effects on other — SH enzymes in the cell, and 
the sum of these effects on the vanous — SH enzymes would be expected to 
approximate the effect on glycolysis shown m figure 2 

DISCUSSION 

In the determination of the mode of action of any gerimcide or chemothera- 
peutic agent on biological systems, the essential information is the ultimate 
action of the compound on a specific metabolic process To this end we have 
neglected consideration of the chemical species of the active chlorme and of its 
permeation mto the cell We may assume that hypochlorous acid is the active 
form, and that penetration occurs as the un-ionized hypochlorous acid or chlor- 
amine (Marks, Wyss, and Strandskov, 1945) Similarly, the possibihty that 
ammo groups of various peptides are chlormated m the cell has not been dis- 
cussed The specific effect on metabohsm by oxidation of sulfhydryl groups of 
essential enzymes by the chlorme m itself suffices to explam the observed phe- 
nomena Intracellular chlormation of nitrogen compounds, foUow'ed by dissocia- 
tion of chloramines, would eventually produce the same oxidative result Such 
combination when mvolvmg extracellular orgamc matenal would, of course. 
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increase the amount of chlorine needed for killing (chlorme demand), but this 
agam is not relevant to the problem of mode of action (Chang and Fair, 1941) 
The rationale of these experiments has subsequently been useful m elucidating 
the mode of action of iodine, organic mercurials, and cationic surface active 
agents as germicides It depends upon the determmation of the amount of 
agent necessary to produce the biological effect, m this case the bactericidal 
effect This effect must be exerted thi ough some of the enzyme reactions pro- 
ducmg the biological phenomenon, and must act on these enzymes m the same 
amount necessaiy to produce the effect m the intact cell Identification of the 
enzymes sensitive to this amount of agent will show the locus of action, and 
will frequently give information as to the actual chemical mechanism of the 
effect on the enzymes by vii tue of other known characteristics of these enzymes 
We wish to acknowledge Di Harry M Rose’s helpful criticism of this work 

SUJLVLVR-i 

Chlorme m bactericidal amounts oi less inhibits various sulfhydryl enzymes 
and other enzymes sensitive to oxidation Inhibition of essential enzymes m 
this way causes death of the bacterial cell, inhibition of glucose oxidation is 
paialleled by the percentage of bacteria lulled The aldolase of EschenckacoU 
has been shown to be one of the essential enzymes of glucose oxidation sui 
ficiently sensitive to chlorine to explam its bactericidal effect 
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Millei and Bohnhoff (1947) m a lecent publication have desciibed a meningo- 
coccus valiant that lequues streptomycm for reproduction m vitro and in vivo 
A type b Hemophilus influenzae whose growth is favored by a medium containmg 
streptomycm has been repoited by Alexandei and Leidy (1947) These differ 
fiom the usual streptomycin-iesistant variants, w'hich grow equally well m the 
piesence oi absence of the diug The piesent leport deals with the isolation 
of a streptomycm-resistant vaiiant of Mycohactenum ranae that grows only in 
the piesence of streptomycin This variant is also resistant to the sulfonamide 
diugs and has other unusual chaiactenstics The variant was isolated in 
studies dealing with the incidence of spontaneously occurring lesistant foims of 
M ranae in media containmg different concentiations of streptomycm 

M lanae was chosen foi the prelumnaiy studies because it has been shown 
(Middlebiook and Yegian, 1946) to develop stieptomycm resistance lapidly 
in vitio It IS a fast-giowmg, acid-fast bacillus that is nonpathogemc for mam- 
mals When laige populations of the parent susceptible stram are plated out 
on a medium containmg streptomycm, a small percentage of resistant organisms 
IS consistently obtamed For example, m a population of approximately 400 
billion organisms, 20 colonies w'lll giow m the presence of 1 pg per ml of strep- 
tomycm In 10 pg per ml, 4 colonies ivill grow, and only 1 colony wull grow"- out 
on a medium contammg 100 pg pei ml of the drug Those organisms selected by 
100 pg pel ml weie also resistant to 1,000 pg per ml The colonies isolated on 1 
ng pel ml showed a wade range m their degree of lesistance When these were 
plated out, 5 million oiganisms yielded 1 colony that wmuld grow m the piesence 
of 100 pg pel ml, wheieas only 1 colony lesistant to 1,000 pg per ml was isolated 
from a population of 200 million organisms The resistant organisms (variant 
A) grow lapidly and luxuriantly on glycerol nutiient agar either m the presence 
or absence of streptomycm 

The possibility of isolating anothei variant fiom this resistant stram that 
might require streptomycm foi growffh w'as considered The following method 
proved successful m isolating such a variant 

A deficient medium w as prepared which did not support growdh of either the 
paient culture or vaiiant A, and to this w'as added 1,000 pg per ml of stiep- 
tomycm 1 Plates of this medium weie moculated wnth 0 5 ml (approximately 

' Composed of the following asparagine, 0 5 per cent, ammonium citrate, 0 5 per cent, 
potassium phosphate (dihydrogen), 0 3 per cent, sodium carbonate anhydrous, 0 3 per cent, 
sodium chloride, 0 2 per cent, magnesium sulfate, 0 1 per cent, ferric ammonium citrate, 
0 005 per cent, agar, 1 5 per cent, and streptomycin, 1,000 pg per ml Final pH 7 2 
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25 billion oiganisms) of a suspension of lesistant vaiiant A After 10 to 15 days 
of incubation each plate showed from 5 to 7 colonies that were 1 to 2 mm m 
diameter These colonies (B) weie dense and dry, and w'eie unlike those of 
either the paient oi valiant A on gtyceiol agar There w'as no increase m pig 
mentation, and the cellulai moiphology was not alteied, as was shown by the 
Ziehl-Neelsen technique 

The B colonies weie lemoved with a needle and heavily seeded on fresh de- 
ficient medium Aftei pi olonged incubation theie w as evidence of slight groirth 
but no definite gioss colony'' foimation, and lepeated subcultuies did not show 
any appieciable mciease m giowth It was obvious that this variant B could 
not be cultuied on the deficient medium Glyceiol nutiient agar to which were 



Fig 1 Showiag Growth of ]\I RANi.E Only in the Area. Where Streptomtcin 
Diffcsed into the Medium at Sufficient Concentration 


Has 


added 1,000 Mg pei ml of stieptomy'^cin yielded luxuiiant giowth aftei a few days 
of mcubation In the absence of the diug, the nutiient medium does not support 
growdh of A'ariant B even aftei prolonged incubation, ccheieas the parent an 
variant A show abundant giowth within 2 day's 

That valiant B lequires stieptomycm foi giowth can be fuithei demonstiate 
by the cylmdei plate method used in penicillin and stieptomy'cm assay 
drop of baciUaiy suspension is distiibuted euenty ocei the suiface of a glycero 
nutnent agai plate, and stieptomycm is placed in a glass cylinder lightly^ 
bedded m the smface of the medium Aftei incubation foi 4 oi 5 day's, gro 
will be seen only in the area in which the diug diffused in sufficient concen ra 
tion (figme 1) 
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Other studies ^\lth both hquid (Dubos and Davis, 1946) and solid media have 
shoivn that, whereas there is visible growth of variant B after 4 days’ mcubation 
m the presence of 50 ftg per ml of streptomycin, the maximum growth is only 
obtained when the concentration of the drug is 100 or more iig per ml A trace 
of growth in 5 ng per ml and good growth in 10 mS per ml may be secured by pro- 
longmg the incubation period 10 days On subculture from 10 fig per ml the 
organisms grew^ rapidly in 5 fig per ml, and on further transfer good growth was 
obtamed m as low as 1 to 2 tig per ml The results were the same when strep- 
tomycin was used from different sources and different batches 
Variant B is also unusual wuth regard to sulfonamide sensitivity The parent 
strain and the stieptomycm-resistant variant A are inhibited by 1 mg per cent of 
sulfathiazole The variant B ^viU grow in medium contammg 100 mg per cent 
of this drug in the presence of the streptomycin necessary for its growdh Smce 
this culture had not previously been in contact ivith the sulfonanudes, it would 
seem that in this case resistance w'as not the result of some action of the drug on 
the microorgamsms 


SOMJLAET 

The isolation of a variant of a streptomycin-resistant nonpathogemc Myco- 
bacterium which requires streptomycm for growth in vitro has been descnbed 
If such a variant can also develop from susceptible parent strains or streptomy- 
cm-resistant variants of cultures of pathogemc tubercle baciUi, its sigmficance 
m the chemotherapy of tuberculosis is evident Studies along this hne are in 
progress 
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In previous communications (Salle and Jann, 1945, 1946a, 5, c,d, Salle, 1947) 
subtilm was reported to exert a powerful antibiotic action agamst a number of 
gram-positive organisms and certam gram-negative cocci This agent was 
bacteriostatic m high dilution and bactericidal in more concentrated solution 

Subtilm exhibited an extremely low toxicity mdex to hvmg embryomc chick 
heart tissue fragments cultivated tn vitro Under the conditions of the test the 
antibiotic was shown to be approximately 20 times more toxic to Staphylococcus 
aureus (FDA strain) than to chick heart tissue, a remarkably low tissue toxicity 
for a chemotherapeutic agent 

Subtihn exhibited a powerful action on the course of experimental pneumo- 
coccus type III, Bacillus anthracis, Streptococcus pyogenes, and Staphylococcus 
aureus mfections in animals The animals responded quickly to treatment 
without the appearance of any toxic symptoms 

In order that subtilm may be employed to greatest advantage chemothera- 
peutically it is important to know whether organisms treated with sublethal 
concentrations develop a resistance or fastness to the antibiotic 

DEVELOPMENT OF FASTNESS TO SUBTILIN 

The general procedure was as follows Subtilm was added to a series of broth 
tubes m decreasmg concentrations The final volume m all tubes was 10 ml 
To each tube was added 0 1 ml of a 24-hour culture of the test organism The 
tubes were incubated at 37 C foi 48 hours, then examined for turbidity The 
tube showmg growth m the greatest concentration of subtilm was used to mocu- 
late a second series, usmg the same dilutions of the antibiotic This same pro- 
cedure was continued through several transfers 

Development of fastness by Staphylococcus aureus A series of broth tubes con- 
taming subtilm m dilutions of 1 1,000 to 1 400,000 was prepared To each tube 
was added 0 1 ml of a 24-hour nutrient broth culture of Staphylococcus aureus, 
ATC 6538 strain The tubes were incubated at 37 C for 48 hours, then examined 
for turbidity The results are given m table 1 It may be seen that the greatest 
concentration of subtilm permitting growth was 1 400,000 

Another series of tubes was prepared as described above but moculated from 
the tube m the first series containing 1 400,000 subtihn The tubes were in- 
cubated at 37 C for 48 hours, then exammed for growth It may be seen that 
the greatest concentration of subtihn permittmg growth was 1 200,000 

* The subtilm preparation used in these experiments was Lmdly supplied by the Western 
Regional Research Laboratory, Albany, California 

• This work was aided by a grant from the Antibiotics Study Section, National Institute 
of Health, U S Public Health Service, Washington, D C 
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This procedure was continued through four more series The results shou 
that Staphylococcus aureus developed a gradual resistance or fastness to the 
antibiotic In the first series, a dilution of 1 400,000 of subtihn just permitted 
growth of the organism, whereas in the sixth series a concentration of 1 1,000 
was required to produce the same effect 
Development of fastness by Mycobacterium phlei The same procedure was 
followed as in the preceding experiment except that Mycobacterium phlet was 
substituted for Staphylococcus aureus, and transfers were carried through nine 
series instead of only six The results are recorded in table 2 


TABLE 1 


Developmenl of subUltn fastness by Staphylococcus aureus 


SUBTILIN DILUnON 

PAItENT STRAIN IST 
SERIES 

2hd sEsms 

3S1) SERIES 

4 ts series 

5th series 

6IHSE1113 

1 1,000 

— 









+ 

1 1,111 

— 

— 

— 

— 

— 

+ 

1 1,250 

— 

— 

— 

— 

- 

+ 

1 1,428 

— 

— 

— 

- 

- 

-f- 

1 1,666 

— 

_ 

— 

— 

- 

+ 

1 2,000 

— 

_ 

— 


+ 

+ 

1 2,500 

— 

_ 

— 

— 

+ 


1 3,333 


— 

— 

— 

-f 1 


1 5,000 


— 

— 

- 


+ 

1 10,000 

— 

— 

— 

+ 

+ 

+ 

1 11,111 

— 


— 

+ 

+ 

+ 

1 12,500 

— 

— 

— 

+ 

+ 

+ 

1 14,285 

_ 

— 

— 

-f- 

-b 

+ 

1 16,666 

— 

— 

— 


-b 

+ 

1 20,000 

— 

! — 

— 

-b 

-b 

-t- 

1 25,000 

— 

_ 

— 

-b 

-b 

+ 

1 33,333 

1 — 

— 

+ 

-b 

+ 

+ 

1 50,000 

— 

— 


-b 

+ 

+ 

1 100,000 

— 

— 

-t- 

+ 

+ 

+ 

1 200,000 

— 

+ 

-b 


-b 


1 300,000 

— 

+ 

+ 


+ 

+ 

1 400,000 

+ 

+ 

+ 

+ 

-b 

+ 


+ = growth, — = no growth 


It may be seen that Mycobacterium phlei developed a fastness to the anti 
biotic T his change, however, occurred at a slower rate than in the case o 
Staphylococcus aureus 

Development of fastness by Escherichia communiot In a previous cominunica 

tion (Salle and Jann, 1945) it was stated that the highest dilution of subti iB 
capable of affectmg the growth of certain gram-positive organisms had no e ec 
on the growth of gram-negative bacteria However, if greatly increased con^ 
centrations are employed, gram-negative bacteria become susceptible to 
antibiotic It was found that the giam-negative organism Escherichia com 
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mumor readily developed a fastness to subtilin when exposed to sublethal con- 
centrations of the antibiotic The results are given m table 3 
It may be concluded from these experiments that Staphylococcus aureus (gram 


TABLE 2 


Development of subtilin fastness by Mycobacterium phlei 


SUBTILIN DILUnOS 

PAllENT STRAIN 
1 st SERIES 

2ni> 

SERIES 

3rd 

SERIES 

4th 

SERIES 

Sth 

SERIES 

6th 

SERIES 

Tth 

SERIES 

SiH 

9ih 

SERIES 

1 1,428 






— 







m 



1 1,666 

_ 

— 

— 

- 


— 

— 


— 


— 

— 

— 

— 

— 

— 

— 


-b 


— 

— 

— 

— 

— 

— 

— 


-b 

1 3,333 

— 

- 

— 

- 

— 

— 

— 

-b 

+ 

1 5,000 

— 

— 

— 

— 

— 

— 

— 

+ 

+ 

1 10,000 

- 

— 

— 

— 

— 

— 

-b 

+ 

4~ 

1 11,111 

— 

- 

— 

— 

— 

— 

-b 

-b 

~\r 

1 12,500 

— 

— 

— 

— 

— 

— 

-b 

-b 

-b 

1 14,285 

— 

— 

— 

— 

— 

— 

+ 

+ 

-b 

1 16,666 

— 

— 

— 

— 

— 

— 

-b 


-b 

1 20,000 

— 

— 

— 

— 

— 


-b 



1 25,000 

- 

— 

— 

— 

— 


+ 

+ 

+ 

1 33,333 

— 

— 

— 

- 

— 

+ 

+ 

+ 

+ 

1 50,000 

— 

— 

— 

— 

— 

+ 

-b 

-b 

+ 

1 100,000 

- 

- 

— 

— 

+ 

+ 

-b 

+ 

+ 

1 200,000 


— 

— 

+ 

+ 

+ 

-b 

+ 

+ 

1 300,000 

- 

- 

+ 

+ 

+ 

+ 

-b 

+ 

-b 

1 400,000 

- 

+ 

+ 

-1- 

+ 

-b 

-b 

-b 

+ 

1 500,000 

+ 

+ 

+ 


+ 

+ 


-b 

-b 


TABLE 3 


Development of subtilin fastness by Escherichia communior 


SUBTILIN DILUTION 

PARENT STRAIN IST SERIES 

2nd SERIES 

3&D REcrrs 

1 1,000 

— 

_ 

-b 

1 1,111 

— 

— 1 

+ 

1 1,250 

— 

— 

-b 

1 1,428 

— 

— 

-b 

1 1,666 

— 

— 

-b 

1 2,000 

— 

— 

-b 

1 2,500 

— 

-b 

+ 

1 3,333 

— 

-b 

-b 

1 5,000 

-b 

+ 

T 

1 10,000 

-b 

+ 

-b 


-b), Mycobacterium phlei (acid-fast), and Escherichia communior (gram — ), 
when exposed to sublethal concentrations of subtdm, readily developed a resist- 
ance or fastness to the antibiotic 
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STABILITY OP SUBTILIN-PAST STRAINS 

It was considered of great interest and importance to determine for how many 
generations resistance to subtilin could be retamed m vitro Accordmgly, 


TABLE 4 

Stability of subtilin-fast Staphylococcus aureus ATC 6638 that multiplied in a 1 400,000 
concentration of subtilin in broth {table 1) 


CONCEKTXATION OB SUBTILIN 

PABSNT STRAIN 

1st 

5th 

s 

12th 

OBCULTU] 

18th 

as 

23rd 

29th 

89th 

1 33,333 

_ 




m 



1 

„ 1 


1 50,000 

— 


— 


— 

+ 

4~ 

+ 

1 100,000 

— 

1 + 

— 


— 

+ 

+ 

+ 

1 200,000 

— 

+ 

+ 

+ 

+ 

+ 

i + 

+ 

1 300,000 

— 


+ 

+ 

+ 

+ 

+ 

+ 

1 400,000 

4* 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


TABLE 5 

Stability of subtilin-fast Staphylococcus aureus ATC 6638 that multiplied in a 1 £00,000 
concentration of subtilin in broth (table 1) 


CONCSNTRATION OF SUBTILIIf 

SUBCULTURE 

3rd 

5th 

11th 

24th 

30th 

9l5t 

1 20,000 





— 

- 

1 25,000 

— 

+ 


- 

+ 

— 

1 33,333 


+ 

+ 

' + 

+ 

— 

1 50,000 

+ 

+ 

+ 

+ 

+ 



TABLE 6 

Stability of subtilin-fast Staphylococcus aureus ATC 6638 that multiplied inal 33,333 
concentration of subtilin in broth (table 1) 



subtihn-resistant strains of Staphylococcus aureus and Mycobacterium phleivi^re 
subcultured daily to broth, then tested at certam intervals for them ability o 
grow m various concentrations of subtilm 
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TABLE 7 


Slabtlity of aubitlin fast Staphylococcus aureus ATC BBSS that multiplied inal 10,000 
concentration of subtilin in broth {table 1) 


COMCXUTXATIOM 07 SUBTILIK 

SUBCULTURE 

1st 

7th 

13th 

2Sth 

SCth 

1 2,500 

— 

— 

— 

— 

— 

1 3,333 

+ 

+ 

— 

— 

— 

1 5,000 


+ 

+ 

— 

— 

1 10,000 

+ 

+ 

+ 

4* 

— 

1 11,111 

+ 

+ 

+ 

4“ 

— 

1 12,500 

+ 

+ 

+ 

4- 

— 

1 14,285 

+ 

+ 

+ 

+ 

— 

1 16,666 

+ 

+ 

4“ 

+ 

— 

1 20,000 

+ 

+ 

4“ 

+ 

+ 


TABLE 8 


Stability of subtilin-fast Staphylococcus aureus ATC BBSS that multiplied tnal Z,000 
concentration of subtilin in broth {table 1) 


coKCEirntAiioN OF EtmnuH 

SUBCULTUBE 

-itil 

lOtb 

23rd 

82nd 

1 2,000 


— 



1 2,500 

— 

+ 

_ 


1 3,333 

+ 

+ 

— 

— 


+ 

+ 

— 

— 

1 10,000 

+ 

+ 

— 

— 

1 11,111 

+ 

+ 

— 

_ 

1 12,500 

+ 

+ 

+ 

+ 


TABLE 9 

Stability of subtilin-fast Staphylococcus aureus ATC BBSS that multiplied in a 1 1,000 
concentration of subtilin in broth {table 1) 


COKCZMTXATIOK 07 SUBTILIN 

SUBCULTURE 

4th 

nth 

17th 

77th 


+ 

— 

_ 

_ 

1 1,111 

+ 

— 

+ 

— 

1 1,250 

+ 

— 

+ 

— 

1 1,428 

+ 

— 

+ 

— 

1 1,666 

+ 

— 

+ 

— 

1 2,000 

+ 

+ 

+ 

_ 

1 2,500 

+ 

+ 

+ 

+ 


Sublthn-resistant Staphylococcus aureus The parent strain of Staphylococcus 
aureus ATC 6538 multiphed m a 1 400,000 but not in a 1 300,000 concentration 
of subtihn This strain became subtilin-resistant as shown in table 1 The 
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strain that grew m a 1 400,000 dilution of subtilin was transferred daily to 
nutrient broth and incubated at 37 C At the end of 1, 5, 12, 18, 23, 29, and 89 
days, portions of the cultures were removed and tested for their resistance to 
subtilin This same procedure was followed using the remainmg five resistant 
strains shown in table 1 The results are given in tables 4, 5, 6, 7, 8, and 9 
It may be seen that resistance to the antibiotic was retamed even after as many 
as 91 serial transfers to broth In general, the resistant strains tended to lose 
some of their fastness to subtilm, but in no instance did the resistance drop to 
that of the parent culture 

Sublihn-resistant Mycobacterium phlet The parent stram of this acid-fast 
organism multiplied in a 1 500,000 but not in a 1 400,000 concentration of sub- 
tilin This strain became subtilin-resistant as shown in table 2 The stram that 

TABLE 10 


Stability of subtilm-fast Mycobacterium phlei that multiplied mat 2,000 concentration of 

aubtilin (table 2) 


COSCEUTRATION OP SUBTILIN 

SUBCULTURE 

3rd 

9th 

15th 

72nd 

1 1,666 

— 



— 

1 2,000 

+ 

+ 

- 

- 

1 2,500 



- 

- 

1 3,333 

+ 

+ 

- 

— 

1 5,000 

+ 

+ 

- 

— 

1 10,000 

4- 

-b 

- 

— 

1 11,111 

+ 

+ 

- 

— 

1 12,500 

+ 

+ 

- 

— 

1 14,285 

+ 

-b 

-b 

— 

1 16,666 

-1- 

-b 

-b 

— 

1 20,000 


+ 

-b 

— 1 

1 25,000 


-b 
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grew in a 1 2,000 dilution of subtilin (ninth senes) was transferred daily to 
nutnent broth and incubated at 37 C At the end of 3, 9, 15, and 72 days, the 
cultures were tested for their resistance to subtilin The results are given m 
table 10 

Resistance to the antibiotic was still pronounced after 72 daily transfers to 
broth Although the resistant strain lost some of its fastness to subtilin, it did 
not drop to the same level as the parent culture 

SUMMARY 

Staphylococcus aureus (gram -T), Mycobacterium phlei (acid-fast), and Es- 
cherichia commumor (gram — ), when exposed to sublethal concentrations of 
subtihn, readily developed a resistance or fastness to the antibiotic This 
fastness was retained even after as many as 75 daily transfers to broth In 
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general, the lesistant strains tended to lose some of their fastness to subtihn, 
but in no instance did the resistance drop to that of the parent culture 
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A NEW TECHNIQUE FOR ISOLATING LISTERELLAE FROM 
THE BOVINE BRAIN 
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It IS relatively easy to isolate the causative agent from the bram in cases of 
ovine listerellosis However, the direct isolation of the microorganism from the 
bovine brain has met with only partial success This failure represents a chal- 
lenge to rmcrobiological techmque The investigation herein reported deals 
■with a method whereby the percentage of direct isolations was increased 

Listerellosis in the sheep of Michigan has been reportedma previous pubhca- 
tion (Gray et al , 1946) That it is present in this state m cattle also has been 
suspected for some time Previous to this year a number of bovme brains had 
been submitted to the Animal Pathology Diagnostic Laboratory for culture when 
hsterellosis was suspected, but it had never been confirmed by isolation of 
Insterella monocytogenes 

All cultures had been prepared by grinding the medulla m a mortar ■with about 
10 ml of tryptose broth, then agitating with glass beads in a shaking machine 
for about 20 minutes A portion (0 3 ml) of the resulting suspension was plated 
on tryptose agar and incubated at 37 C for 24 hours The remainder was stored 
m the refrigerator at 4 C 

Case 1 On February 26, 1947, a bo^vme brain was submitted for culture 
A climcal diagnosis of hsterellosis had been made Cultures were negative after 
24 hours’ mcubation at 37 C, but when the bram suspension which had been 
stored in the refngerator for 3 months was agam plated, there was a hea^vy 
growth of listerellae (figure 1) 

Case 2 March 24, 1947, a feeder steer was submitted for necropsy This 
was the third animal in this herd to die All three had displayed symptoms 
typical of hsterellosis Cultures prepared from the bram showed six colomes 
of a gram-positive orgamsm resemblmg listerellae Five weeks later when this 
same suspension was plated on tryptose agar, the colomes were too numerous to 
count 

Case 3 Apnl 5, 1947, a six-month-old Hereford was presented for necropsy 
This animal had been circlmg for about a week and was killed Bram cultures 

1 Animal Pathology Section 

’ Bacteriology and Public Health Section 

’ Surgery and Medicine Section 
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were badly contammated and no listerellae were observed After refrigeration 
for 2 months it was possible to observe colomes of Lislerella among the con- 
tammants by the use of a dissectmg microscope, as described by Huddleson 
(1946) The colonies of Listerella are a bright green with a finely textured sur- 
face This IS so charactenstic that hsterellae can be identified even m cases 
with extreme contammation 

Case 4 April 15, 1947, a yearling from a farm adjacent to that of case 2 
was brought in for observation It showed s3unptoms of hsterellosis and died 
withm 4 days Brain cultures were negative Three weeks later it was possible 
to demonstrate numerous colomes of Listerella from the refrigerated bram sus- 
pension 

Case 5 May 8, 1947, the brain of a two-year-old Holstein was presented for 
culture A few colomes of a gram-positive rod were isolated (figure 2) With 
the suspension from this bram, an attempt was made to measure quantitatively 
the apparent mcrease m numbers of colomes observed m the precedmg cases 


TABLE 1 


Case S Showing increase in number of colonies during a •period of approximately one month 



DATE 


5-10 

■rag 

S-28 

6-5 

5-12 

Plate I 

90* 


1,600 

c 

I 

Plate II 

— 

■■ 

1,400 

c 

I 


* Onginal plate C — Contamination I — ^Too numerous to count 


A 0 2-ml portion of the bram suspension was plated on tryptose agar, a bent 
glass rod bemg used to distnbute the material evenly The results of this test 
appear m table 1 

In the five cases presented there was a marked mcrease m the number of 
hsterellae that could be demonstrated after the bram suspension had been 
allowed to stand m the refngerator for a period of time There is as yet no 
defimte explanation for this phenomenon, but several possibihties exist It 
was found that Lislerella wiU grow quite readily at a temperature of 4 C In- 
oculated (one 4-mm loop) tryptose agar slants contauung about 0 5 ml nutrient 
broth at the base showed visible growth m the broth m 3 days, and m 7 days 
there was considerable groivth on the slant when incubated at 4 C There is 
also the possibihty of further tissue disintegration, thus releasing the orgamsms 
from the cellular substance Or the phenomenon may be explamed by the 
presence of some unstable mhibitoiy substance m the bram tissue Nutmi and 
Lynch (1946a, 6) have found a substance m an extract prepared from both the 
human and the bovine brain that is bactencidal to Staphylococcus aureus 

The evidence presented m this report strongly suggests the presence of a 
bactenostatic factor for Listerella monocytogenes m the bovme brain The 
presence of such substances in anim al tissues may account for the specific im- 
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munitj’’ to infection mheient in ceitam tissues Listeiellosis as manifested m 
the ovine is extiemely acute, geneially, with a shoit fatal couise In the bovme 
the disease is less acute, and lecoveiies have been lepoited (Biestei, 1941, 
Grahiin, 1943) Pounden (1947) has leported one outbieak of an evtiemely 
acute natuie, but that ma}^ be consideied as atypical Bactei lologically, 
pumuy isol ition of listeiellae fiom the ovine seldom lesults m failure, but m 
the bovine pumuy isolations aie made in less than a thud of the suspects cul- 



Fig 1 Shov ing Heavy Gko^\ th of Listehella after a Boi ive Bbaia Suspension Had 
Been Stored in the Refrigerator for Three jMonths 

tured even though listerellosis is confiimed by histopathologic sections (compare 
figures 2 and 3) These observations aie similai to those lepoited by Giffoid 
and Jungheii (1947) Cultuies lecently isolated fiom the ovine will pioduce a 
conjunctivitis m labbits m about 18 houis, wheieas those recently isolated fiom 
the bovine lequne 72 houis oi moie to pioduce a conjunctivitis In general, 
cultures of a bovine origin show a latent pathogenicity as compared to the ovme 
strains 

Biochemical tests All media and pioceduies were m accordance with those 
described m The Manual of Methods foi the Pwc Cnltiae Study of Bactei la 
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Indole was not pioduced, nitiates weie not i educed, litmus milk was reduced at 
first and aftei about 10 days showed a slight acid reaction, H 2 S was produced m 
24 hours, a slight zone of beta hemolysis appealed on blood agai , and starch was 
not hydrolyzed The results of the fermentation reactions aie shown in table 2 
Animal inoculation Two drops of a 24-houi agai slant growth of the culture 
from case 2, suspended m 5 ml broth and instilled in the conjunctival sac of an 
adult rabbit, pioduced only a slight reddemng of the lids in 5 days of obseivation 
This same animal was then given 0 5 ml mtiavenously of a similar suspension 



Fig 2 Pri’makt Cultubb of Bovine Brain Case 5 


The animal died in 48 hours A^o gioss lesions othei than slight degeneration 
m the liver veie obseiwed Listerellae veie isolated from the heart blood and 
hver 

Two drops of a similar suspension of culture fiom case 4 were instilled into a 
rabbit’s eye After 96 hours the eye was slightly congested This condition 
persisted for 8 days At this time (the eighth day) listerellae could not be isolated 
from the eye On the ninth day the eye became more congested, and on the 
tenth day a severe conjunctivitis and keiititis vere piesent This persisted for 
3 daj's Swabs taken from the eye during this time vhen plated on trypto=e 
agar shoved a heai^’' giovth of hsteiellae ^^fiien the conjunctivitis cleared, the 
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animal appe ued veiy ill It was depiessecl, did not eat, and drank laige quan- 
tities of Matei No tempeiatuie Mas taken, but the eais Mere very hot to the 



Fig 3 Typical Primaht Cultobe op Ovine Briin 
This animal was from the same farm as case 3 of this report 


TABLE 2 



-1 — acid, ± — marked acid, T — slight acid, no acid 

No gas Mas produced in any of the media 


touch It shoMed all the symptoms of hsterellosis The}’’ persisted for 48 
horns, at the end of Minch time the animal Mas comatose, and Mas killed for 
necropsy There Mere no gioss lesions othei than a slight degeneration of the 
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liver The heart blood, liver, and medulla were cultured on tryptose agar 
Listerellae were isolated from the medulla only Paraffin sections of the medulla 
showed the typical paravascular cuffing found in hsterellosis 
A similai suspension of a culture isolated from a sheep, which was brought m 
from the same farm as case 3 of this report, produced a maiked conjunctivitis 
and keiititis in the eye of an adult rabbit m 24 hours This condition persisted 
foi 10 days Listeiellae were isolated from the eye for 12 days followmg instilla- 
tion 


SUMMARY 

Five cases of hsterellosis in the bovine have been reported and confirmed by 
laboratory study In three of the five cases isolations were made after the 
bram suspension had been refrigerated for from 5 weeks to 3 months A pre- 
liminary leport IS made relative to some substance in the bovine brain which 
may interfere with the primary isolation of hsterellae, but w^hich may be de- 
stroyed by refrigeration A method of readily identifying colonies of Ltslerella 
IS also described 


REFERENCES 

Biester, H E , and Schi\ arte, N A 1941 Bovine hsterellosis m Iowa with studies on a 
recovered case N Am Vet , 22, 729-734 

Gifford, Rebecca, ^^.nd Jungherr, Erwin 1947 Listeriosis m Connecticut with particular 

reference to a septicemic case in a wild raccoon Cornell Vet , 37, 39-48 

Grahaw, Robert, Levine, N D , and Morrill, C C 1943 Listerellosis m domestic 
animals Univ 111 Agr E\pt Sta , Bull 499 

Gray, M L , Thorp, Frank, Jr , Nelson, R , and Sholl, L B 1947 Listerellosis in 
sheep of Michigan hi S C Vet , 7, 161-163 

Huddleson, I F 1946 The mucoid phase of the genus Brucella Am J Vet Researc , 
7, 5-10 

Manual of methods for the pure culture study of bacteria, The Biotech Publications, 
Geneva, NY 

Nvtini, L G , AND Lynch, Sr , E hi 1946a Comparative action of an extract of brain 
tissue and pemcillin on Staphylococcus aureus infections J Bact , 62, 681-684 

Nijtini, L G , AND Lynch, Sr , E hi 1946b Further studies on effects of tissue e\trac s 
on Staphylococcus aureus J E\ptl Med , 84, 247-261 

Poundbn, W D , Bell, D S , and hlAiRs, R E 1947 An outbreak of acute bovine ns 
terellosis J Ajn Vet Med Assoc , 111> 128—129 
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Aromatic compounds are found among the cellular constituents of all organ- 
isms, and an understandmg of the general mechamsms mvolved m their metab- 
ohsm would be of great mterest from the standpomt of comparative biochem- 
istry For research on the degradation of the benzene rmg, bacteria appear at 
present to oflfer the most promismg experimental matenal, smce many of them 
are endowed with the abihty to brmg about a far-reachmg oxidative attack on 
compounds of this class This fact was first established by Wagner (1914), 
who found that such substances as phenol, cresol, phloroglucmol, and toluene 
can serve as sources of carbon and energy for soil bacteria A number of sub- 
sequent mvestigators, notably Gray and Thornton (1928), have extended the 
list of simple aromatic compounds attacked and determmed the nature of the 
microflora mvolved It is now evident that many bacteria belonging to such 
diverse groups as the pseudomonads, aerobic sporeformers, mycobacteria, and 
actmomycetes can decompose and grow at the expense of aromatic compounds, 
provided that the mitial substrate concentration is kept low to avoid toxic effects 
In all cases so far known the attack is aerobic and strictly oxidative 
These bacterial dissumlations appear, at least m the majority of mstances, to 
mvolve a rupture and destruction of the benzene nucleus itself, but our knowl- 
edge scarcely extends beyond this elementary fact Only two workers have 
concerned themselves specifically with the biochemical aspects of the problem 
The first of these was Tausson, who made a senes of investigations on the bac- 
tenal oxidation of aromatic hydrocarbons Usmg appropriate enrichment 
procedures, he isolated specific bactena capable of attackmg naphthalene (1927), 
phenanthrene (1928), and toluene (1929), and m each mstance mvestigated 
systematically, by means of growth m hquid synthetic media, the range and 
mtensity of attack on related chemical substances From the data thus ob- 
tamed, he drew deductions concernmg likely paths of breakdown, rulmg out on 
the ground of nonutihzabihty certam chemically feasible mtermediates and even, 
m a few cases, suggestmg the probable biochemical mechamsms Two mstances 
may be summarized The naphthalene-decomposmg orgamsm, Bactenuni naph- 
thahmcum, was unable to attack the naphthols, diphenols and triphenols, and 
phthahc acid Smce he considered these substances to be the only likely prod- 
ucts of a prehmmary oxidation of one of the two rmgs m naphthalene, Tausson 
concluded that the attack by B naphthahmcum mvolved a simultaneous rupture 
of both the rmgs m the molecule, although he could obtam no evidence that 
this actually occurred The specific orgamsm attackmg phenanthrene, of which 
three strains were tested for utihzation of other aromatic compounds, shoi\ed 
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extreme selectivity, growing well only with sahgemn, salicyhc acid, and catechol, 
in addition to phenanthrene From these results Tausson reasoned that there 
must be a direct relationship between the oxidation of these four compounds 
and postulated the following scheme 



The only subsequent study on the dissimilation of aromatic compounds by 
bactena was made by Bernheim (1940, 1941, 1942), who used manometnc tech- 
mques to investigate the decomposition of benzoic acid and related substances by 
Mycobacierium spp He concluded that benzoic acid is decomposed via one or 
another of the monohydroxybenzoic acids, but the evidence adduced m support 
of this contention is not convmcmg The most mterestmg point brought out 
by his experiments is the extent of oxidative assimilation that accompames these 
degradations With a saprophytic mycobacterium, only four moles of carbon 
dioxide were formed per mole of benzoate oxidized, and smce no orgamc end 
products of the oxidation were found outside the cells, it can be assumed that the 
three missmg carbon atoms have been assimilated Bemheim’s data mdicate 
further that the attack on aromatic compounds by mycobactena is an adaptive 
one, although he hunself did not draw this conclusion 

In view of the very scanty information at present available, it has seemed 
worth while to launch a fresh attack on the whole problem As biological ma- 
terial, strams of the Pseudomonas fluorescens group have been used, this choice 
was dictated by den Dooren de Jong’s demonstration (1926) that a number of 
simple aromatic compounds are mcluded m the vnde range of ternary substances 
that can serve as sole sources of carbon and energy for the growth of fluorescent 
pseudomonads, as well as by the ease with which these orgamsms can be handled 
A few strains were obtained from other laboratones, and these were supplemente 
by a considerable number of fresh isolates from soil The present paper com- 
pnses a summary of the prelimmary results obtamed 

MATERIALS AND METHODS 

For growth experiments, 22 strains of fluorescent pseudomonads were used 
Three of these were identified as Pseudomxmas pyocyanea, one as Pseudomonas 
chlororaphts, and the remainder as members of the P fluorescens species group, 

1 e , fluorescents producmg no accessory pigments 

The abfiity to utilize aromatic compounds and related substances was de er 
mmed in the first instance by growth experiments earned out according to e 
method of den Dooren de Jong (1926) A senes of media were prepare con 
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sisting of a mineral agar base (agar 2 0 per cent, NHiNOj 0 1 per cent, K2HPO4 
0 1 per cent, INIgSOi 0 05 per cent, pH 7 0 to 7 2) supplemented with the sub- 
stances under test, a smgle specific organic compound bemg the sole added source 
of carbon and energy m each medium A min eral agar medium inth no added 
carbon source iias mcluded m the senes as a control, smce the impunties m agar 
itself permit a minimal amount of groiidh Plates of these media ere streaked 
with all 22 strains and mcubated at 30 C, growth bemg recorded after 24, 48, 
and 72 hours By comparmg the development on plates containing added carbon 
compounds isnth that on the control plate, it is easy to detenmne whether or 
not utihzation has occurred The usual concentration of the orgamc compounds 
tested was 0 01 m, vhich is qmte sufficient to yield good growth if utilization 
occurs, some of the more toxic compounds (e g , phenol) were also used at a con- 
centration of 0 005 M Whenevei most strains failed to develop on a gi\ en 
compound, the possibihty that this was caused by toxicity was checked by m- 
corporatmg the compound at the same concentration m yeast agar and de- 
termimng whether or not the organisms were inhibited m their development on 
this medium No such inhibition was found except with 0 01 m phenol, and 
hence it may be concluded that m the experiments to be reported the mabihtj’' 
of a strain to grow with a given compound is a reflection of mabihty to metabohze 
it 

For manometnc experiments the strains chosen were cultivated either on 
yeast extract agar (to produce cells unadapted to aromatic compounds) or on 
imneral agar of the composition given above supplemented by a smgle carbon 
source (to produce specifically adapted cells) After mcubation at 30 C for 
24 to 48 hours, the growth on such plates was harvested by washmg them with 
m/60 phosphate buffer (pH 7 0), and foUowmg centrifugation the cells were 
resuspended m the same buffer Two ml of such suspensions were used m each 
Warburg vessel Gas exchanges were observed m an atmosphere of air at a 
temperature of 30 C 

Possible methods for the ancdysis of the mechanisms of aromatic oxidations 
A time-honored approach to the problem of detectmg metabohc pathway's is 
the detenmnation, either manometncally or by growth experiments, of the 
utihzabihty of potential mtermediates As mentioned m the mtroduction, the 
work of Tausson on the oxidation of aromatic hydrocarbons was conducted 
entirely m this way It has not alwajs been reahzed that there are certam 
logical pitfalls m the mterpretation of the data obtamed from experiments on 
utilization, and smce these pitfalls are well illustrated by Tausson’s work, they 
are worth some discussion here Tausson attempted to infer the early steps 
in the oxidation of phenanthrene from the utihzabihty as substrates for growdh 
of other related aromatic compounds He excluded such chemically feasible 
mtermediates as phthahc acid on the ground of their immumty to attack, and 
with negative inferences of this sort there can hardl3’' be anj^ quarrel The 
generahzed form of the argument — “Although X is a chemically possible inter- 
mediate m the oxidation of A, its biological role is excluded by the fact that an 
organism capable of growmg on A cannot grow on X” — is logically soimd But 
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this IS by no means true of Tausson’s positive inference that sahgenm, sabcyLc 
acid, and catechol were mtermediates m phenanthrene oxidation because they, 
too, were used as growth substrates by his phenanthrene-oxidizmg bactenum 
The abihty to attack these substances may be comcidental, and by no means 
necessarily imphes a sequential relationship The general form of the hypoth- 
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Uiilizahon of benzoic acid and related diaubstituted aromatic compounds as substrates Jor 

growth of fluorescent pseudomonads 
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0 = no growth, + = good growth, (+) = slight growth 


esis IS “From the chemical standpomt, B, C, D, and E represent possi 
termediates m the oxidation of A, and smce an organism that attacks A can 
attack them, they are therefore actual mtermediates ” The 
argument hes m the impossibihty of decidmg, from the available data, v 
the relationship between A, B, C, D, and E is comcidental or sequentia 
does not mean, however, that it is always impossible to draw positive sren ^ 
from experiments of this sort The probabihty that the inferred relations P 
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a sequential one can be greatly inci eased by working with a large number of 
1 elated strains that differ m mmoi biochemical respects, provided one is willing 
to assume that the mechamsm foi the breakdown of A is the same m all these 
strains If the ability to attack the five members of the series is comcidental, 
the chance of finding a stram that can attack A but not one of the other four 
substances mcreases with the number of strains tested, and only one instance of 
this behavior is needed to destroy the hypothesis of a sequence On the other 

TABLE 2 


Utilization of various aromatic substances, mostly monosubstituted, as substrates for growth of 

fluorescent pseudomonads 


SPECIES SX2AIN 

BENZOATE 

1 BENZAL 
DEHYDE 

BENZYE 

ALCOHOL 

dt MAN ' 
DELATE 

PHENYL- 

ACETATE 

>-HY 

DBOXY 

PHENYL- 

ACETATE 

/S PHEN 
YLPSO 
PIONATE 

CINNA 

MATE 

PHENOL 

P fluorescens 

1 









A3 1 

+ 

+ 

+ 

0 

-f- 

0 

0 

0 

0 

A32 

+ 

+ 

+ 

0 

+ 

0 

0 

0 

4 - 

A33 

+ 

+ 

+ 

0 

+ 

+ 

0 

0 

0 

A35 

+ 

+ 

4~ 

0 

+ 

4" 

0 

0 

0 

A36 

4* 



0 

4" 

1 4- 

0 

0 

0 

A37 

*}■ 

+ 

4~ 

0 

+ 

4" 

0 

0 

0 

A38 

+ 

+ 

+ 

+ 

+ 

+ 

0 

0 

4 - 

A39 

+ 

+ 

+ 

0 

+ 

0 

0 

0 

4 - 

A3 10 

+ 

+ 

+ 

+ 

+ 

+ 

0 

0 

0 

A3 12 

+ 

+ 

+ 

4~ 

+ 

+ 

0 

0 

0 

A3 13 

+ 

+ 

0 

0 

+ 

+ 

0 

0 

0 

A3 14 

+ 

4 - 

+ 

0 

+ 

+ 

0 

0 

0 

A 3 16 

0 

0 

0 

0 

+ 

4 - 

0 

0 

0 

A3 17 

+ 

+ 

4 ~ 

0 

0 

0 

0 

0 

0 

A3 18 

0 

0 

0 

0 

(+) 

4 - 

( 4 -) 

( 4 -) 

0 

A3 19 

+ 

-t- 

0 

0 

0 

0 

0 

0 

0 

A 3 20 

-f- 

+ 

0 

0 

0 


0 

0 

0 

A 3 29 

+ 

+ 

+ 

(+) 

0 

4 - 

0 

0 

0 

P pyocyanea 










A3 15 

+ 

+ 

4 " 

(+) 

0 

4 - 

0 

0 

0 

A 3 27 

-1- 

-f- 

+ 

(+) 

0 

4 - 

0 

0 

0 

A 3 28 

-t- 

+ 

4 ~ 

(+) 

0 

4 - 

0 

0 

0 

P chlororaphis 










A 3 30 

+ 

+ 

+ 

(+) 

0 

4 - 

0 

0 

0 


0 = no growth, + = good growth, (+) = Blight growth 


hand, if the relationship really is sequential, any strain unable to attack one mem- 
ber of the senes should be equally unable to attack the precedmg members, and 
the discovery of this -pattern of biochemical behavior provides powerful additional 
evidence of the correctness of the hypothesis Experiments on utihzation can 
never provide conclusive evidence for the existence of a biochemical sequence, 
but by conducting them with many strains, the probabihty that a sequence exists 
can be greatly strengthened The danger of inferrmg sequential relationships 
from a combmation of chemical possibilities and data on utihzation by a few 
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strains can be clearly shown from the present work The compounds phenyl 
acetate, mandelate, benzaldehyde, benzoate, and p-hydroxybenzoate comprise 
a chemically possible oxidative reaction cham, and as can be seen from tables 
1 and 2, there aie certam strains that can attack them all Had these particular 
strams been the only ones employed m the experiments on growth, a sequential 
relationship between the five compounds could have been inferred, but other 
strams can attack phenylacetate without attacking other members of the postu 
lated chain, and these patterns of biochemical behavior show clearly that the 
sequential relationship does not in this case exist 

A second method of studymg the pathways of aromatic decompositions, namely, 
by the analysis of adaptive behavior, was discovered durmg the course of this 
work and has already been described (Stamer, 1947) The combmed use of both 
approaches has proved most valuable, and the inferences drawn from growth 
experiments have checked precisely with those dra\m from experiments on 
adaptation 


RESULTS 

Tlie uhhzalion of benzoic acid and lis derivatives As can be seen from table 1, 
benzoate is widely utilized by fluorescent pseudomonads as a substrate for 
growth, only 2 of the 22 strams tested bemg unable to attack it On the other 
hand, substitutions in the benzoic acid nng as a rule cause a marked reduction 
m biological availabihty Of all the compounds tested, the only substituted 
benzoate that is attacked by a majority of strams is p-hydroxybenzoate This 
might suggest that p-hydroxybenzoate is an mtermediate in the oxidation of 
benzoate, a possibihty advanced by Bernheim (1942) m the case of mycobactena 
However, the behavior of stram A 3 19, which has the biochemical pattern ben 
zoate +, p-hydroxybenzoate — , mdicates that this is not so, and the same con- 
clusion can be draivn from experiments previously reported (Stamer, 1947) on 
adaptation to the two compounds by strains that attack them both 

The very marked biological influence of positional substitution in the benzoate 
ring IS illustrated by the results with the ortho- and meta-hydroxybenzoates, whic 
are attacked imm ediately by only one stram A second strain (A 3 27) is cap 
able of producmg mutants after 5 to 7 days that will grow on the meta-hydroxy 
compound The behavior of the strams tested with respect to the ortho- an 
meta-hydroxybenzoates shows that they too cannot be considered as mterme i 
ates m benzoate oxidation . 

The mtroduction of a second carboxyl group mto the benzoic acid mo ecu e, 
irrespective of its position (o-, m-, and p-phthalate) makes it almost comp e e y 
unattackable Two strams can develop feebly on m-phthalate, but none can 
attack the ortho and para compounds A similar result follows the mtroduc ion 
of a methyl group (o-, m-, and p-toluate) Meta-tobiate allows a scanty deve op 
ment by six strams, but the other two toluates are not utdized There are 
mdications that strams mcapable of growmg on mefo-toluate may, nevert e e , 
cause a limited attack on this compound, the cells used as moculum, and su se- 
quently the surrounding agar, become brown on plates containing it The 
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of this change has not been further investigated In the hope of finding para- 
substituted benzoates other than the p-hydroxy compound that were generally 
attackable, p-metho\y- and p-aimnobenzoate were also tested, but without 
effect 

The oxidizability of several substituted benzoates that were not used as sub- 
strates for growth was subsequently tested manometricaUy, but with negative 
results, the oxygen uptalve by strain A 3 8 in the presence of o- and m-hydroxy- 
benzoate, o-phthalate, p-methoxybenzoate, and p-ammobenzoate remams more 
or less at the autorespiratoiy level 

The utihzation of other aromatic compounds Among the other aromatic com- 
pounds tested, benzaldehyde, benzyl alcohol, phenylacetate, and p-hydroxy- 
phenylacetate proved to be good substrates for the development of many strams 
A few stramS could also grow at the expense of mandelate, cinnamate, /3-phenyl- 
propionate, and phenol The data on these compounds are given m table 2 
The aromatic hydrocarbons, benzene, toluene, and xylene, were not attacked by 
any strams 

The adaptive nature of the attack on aromatic compounds If a stram of P 
fluorescens, aftei growth on yeast extract agar, is tested manometricaUy for 
oxygen uptake in the presence of aromatic substances that it can use as substrates 
for growth, there is mvariably a marked time lag after substrate addition before 
oxygen consumption in excess of autorespiration becomes perceptible Further- 
more, the oxygen consumption m the presence of substrate, once imtiated, does 
not proceed at a constant rate, but mcreases exponentially for some time until 
it reaches a fixed maximum, which is then mamtamed to the pomt of substrate 
exhaustion, this pomt bemg evidenced by a sharp break to the autorespiratory 
rate A typical example of this behavior is shown m figure 1, representing the 
oxygen uptake with various aromatic compounds by P fluorescens A 3 8 grown 
on yeast extract agar The same type of behavior has been found with all strains 
tested after growth on this medium, and it occurs with aU the aromatic com- 
pounds that these strams attack Cells grown on a mmeral medium with ace- 
tate as carbon source behave similarly On the other hand, a stram that has been 
groivn in a medium where a smgle aromatic compound is the sole source of carbon 
and energy, when tested manometricaUy for its abihty to oxidize that particular 
compound, shows an immediate and rapid oxygen uptake after substrate addi- 
tion that proceeds at a fixed rate to the point of substrate exhaustion These 
findmgs show that the primary attack on aromatic compounds by fiuorescent 
pseudomonads is m all cases brought about by adaptive enzymes, which are 
formed only when the ceUs are grown at the expense of an aromatic substance 
or when resting ceU suspensions are placed m contact with a potentiaUy oxidiz- 
able aromatic substance 

The time required for adaptation to occur (judged by the time after substrate 
addition to unadapted ceUs dunng which the oxygen uptake remains at the auto- 
respiratory level) IS generally of the order of 30 to 50 mmutes, and never greater 
than 80 mmutes under the conditions of our experiments It varied shghtly 
from one experiment to the next, doubtless as a result of variations in the age and 



484 


R Y STANIEE 


[VOL 55 


density of cell suspensions The adaptation to p-hydroxybenzoate is mtnnsi 
cally more rapid than to the other aromatic substrates tested, becoming percepti- 
ble with cells groivn on yeast extract about 10 to 20 mmutes before the first signs 
of adaptation to benzoate or phenylacetate It should be pomted out that the 
adaptive process with fluorescent pseudomonads does not require the presence 
of an extraneous nitrogen source, all experiments have been carried out using 
well-washed cell suspensions m phosphate buffer 

The question naturally arises whether or not adaptation to one aromatic 
compound 11011 cause adaptation to other members of the same class of com 



TIME, MINUTES 

Fig 1 Adaptive Oxidation op Aromatic Compounds bt Strain A 3 8 Grown on Yeast 

Extract Agar t,„3roxv 

1 = autorespiration, 2 = 2 imcromoles of benzoate, 3 = 2 micromoles ot p ny 
benzoate, 4 = 2 micromoles of dZ-mandelate, 5 = 2 micromoles of phenylacetate 

poimds This pomt has already been discussed in a previous paper 
1947), m which it was shown that adaptation is a highly specific process an 
complete, simultaneous adaptation to two or more aromatic compounds, ^ 
growth on one of them, occurs only when these compounds are members o a 
single reaction cham One further example of the specificity of 
aromatic compounds may be given here P fluorescens A 3 9 can grow a 
expense of the disubstituted compound p-hydroxybenzoate and the two re ^ 
monosubstituted compounds benzoate and phenol It might according y 
expected that adaptation to the compound contaming both substituent grou 
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would result in simultaneous adaptation to at least one of the two compounds 
containmg one of these substituent groups This is not the case, as sho-\vn in 
figure 2, whereas p-hydroxybenzoate is attacked immediately at a steady rate 
by cells grown in its presence, benzoate and phenol are attacked by the same cell 
suspension only after a typical adaptive lag This is the most clear-cut instance 
of adaptive specificity yet encountered and lends powerful support to the con- 
tention that complete, simultaneous adaptation is always a reflection of member- 
ship in a common metabohc pathway 

Oxidative reactions proceeding though benzoate There are three substances 
related to benzoate — mandelate, benzyl alcohol, and benzaldehyde — whose 
patterns of utihzation, as shown m table 2, mdicate that they are decomposed via 



TIME, MINUTES 

Fig 2 Oxidations by Strain A 3 9 Grown on p-Hydroxybenzoate Agar 
1 = autorespiration, 2 = 2 micromoles of p hydroxybenzoate, 3 = 2 micromoles of 
benzoate, 4 = 2 micromoles of phenol 

benzoate The growth of strams on benzoate and benzaldehyde runs completely 
parallel, all strains capable of attackmg one also possessmg the abihty to attack 
the other This is to be expected from the experiments previously reported on 
the adaptive behavior of benzoate-grown cells, which show complete simulta- 
neous adaptation for benzaldehyde The number of strains that can attack 
benzyl alcohol and mandelate is fewer than the number attackmg benzoate and 
benzaldehyde, but whenever an attack on the two former occurs the two latter 
are also attacked This suggests that the three compounds mandelate, benzalde- 
hyde, and benzyl alcohol are all decomposed via benzoate Experiments on 
sunultaneous adaptation (Stamer, 1947) substantiate the existence of the mande- 
late-benzaldehyde-benzoate cham The participation of benzyl alcohol has not 
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been tested by simultaneous adaptation, but it seems reasonable to assume that 
it IS broken down by dehydrogenation to benzaldehyde 
Further experiments on simultaneous adaptation have revealed the occurrence 
of an mtermediate m the oxidation of mandelate to benzaldehyde This deg 
radation must involve tw o processes, a dehydrogenation and a decarboxylation, 
and on the assumption that the dehydrogenation occurred first, one might ex- 
pect that the a-keto acid, phenyl glyoxyhc acid, would be formed as an inter- 
mediate If this were the case, mandelate-groxvn cells should be simultaneously 
adapted for the oxidation of phenyl glyoxylate A small sample of phenyl 
glyoxyhc acid was obtamed to check this inference, xvith the results shown in 
figure 3 As can be seen, calls grown on mandelate are completely adapted for 



Fiq 


TIME, MINUTES 

3 Oxidation of MEiiBEBS of the Mandblic-Benzoic Reaction Chain 

C* A o 1 T\T a A rTTC’ A nA T? 


.TION OF iViEAlBBBS OF Tilii 

BY Strain A 3 12 Grown on Mandelate Agar , 

1 = autorespiration, 2 = 2 micromoles of mandelate, 3=2 microm P 
glyoxylate, 4 = 2 micromoles of benzaldehyde, 5 = 2 micromoles of benzoate 


the oxidation of phenyl glyoxylate, as xvell as for the oxidation of benzaldehy 
and benzoate The combmed data from manometnc and growth experime 


suggest the foUoxvmg senes of reactions 
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So far, no other reaction chains can be formulated for the oxidations of aro- 
matic compounds by fluorescent pseudomonads The evidence from growth 
experiments, summarized in tables 1 and 2, shows very clearly that certain chem- 
ically plausible sequences do not, m fact, occur Thus phenylacetate cannot be 
oxidized either via the mandelate-benzoate reaction chain or via p-hydroxy- 
phenylacetate, since there are a number of strams capable of growing -with phenyl- 
acetate that cannot develop at the expense of these possible mtermediates The 
nonoccurrence of the mandelate-benzoate chain m phenylacetate oxidation can 
also be inferred from experiments on simultaneous adaptation 
Other compounds attacked by some strains whose utilization appears uncor- 
related are phenol, p-hydroxybenzoate, and cmnamate and /3-phenylpropionate 
It thus appears that there are a considerable number of distmct pnmary oxida- 
tions of aromatic compounds that can be effected by fluorescent pseudomonads 
It IS, of course, possible that all these primary oxidations merge at some point m 
a common pathway, but untfl more is known about the attack on the benzene 
nucleus itself, this point will remam obscure 

Oxidation of the stereoisomers of mandelate It was mentioned m an earher paper 
(Stamer, 1947) that both isomers of mandehc acid are attacked at the same rate 
by strains of P fluorescens that can oxidize this compound The pure isomers 
have not been obtainable for direct tests, but this conclusion can be safely drawn 
from manometric data vnth the racemic muxture 
Benzoate is an mtermediate m the oxidation of mandelate, and therefore the 
total oxygen uptake per mole of mandelate oxidized should be equal to the total 
oxygen uptake per mole of benzoate oxidized plus the oxygen uptake required 
for the mtermediate steps, which is one mole per mole 


CHOHCOOH 


COOH 

\ 


+ O2 




-1- CO2 -f H20 


From this it follows that if both isomers of mandelate are attacked, the total 
oxygen uptake per mole of di-mandelate supphed will be greater by one mole 
than the total oxygen uptake per mole of benzoate, whereas if only one isomer is 
attackable it will be a httle over half as great The data from several expen- 
ments, summarized m table 3, show that withm the limits of experimental error 
the total oxygen uptake with di-mandelate is always greater by one mole per 
mole than the total oxygen uptake ivith an equivalent molanty of benzoate 
Therefore both isomers must be attacked 

If the two isomers were attacked at different rates, the oxygen uptake with 
dZ-mandelate by mandelate-adapted cells should show a change of rate prior to 
the final break resultmg from substrate exhaustion, the change of rate occurrmg 
at the point where the more rapidly attacked isomer is completely used up No 
sign of this has ever been found, the rate remainmg steady from the pomt of 
substrate addition until the curve breaks once more to the autorespiratory level 
Possible mechanisms for the attach on the benzene nucleus The ability of fluo- 
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rescent pseudomonads to use sunply substituted aromatic compounds like ben- 
zoate, p-hydroxybenzoate, and phenol as substrates for growth is pnma facie 
evidence that these compounds undergo a far-reachmg attack This conclusion 
is substantiated by studies on carbon dioxide production during the oxidation of 
benzoate, which have shoivn that between 4 and 4 5 moles of CO 2 are produced 
per mole of benzoate oxidized One is thus confronted with the problem of how 
a rupture and oxidation of the benzene nucleus can be brought about as the result 
of a series of simple step reactions It is clear that none of the hydroxybenzoates 
are mtermediates m the oxidation of benzoate, but beyond this no direct mdica- 
tions exist On paper, only two possibihties appear reasonable 
The rmg might be opened by oxidative rupture, without prior saturation of 
the double bonds, to yield an aliphatic unsaturated compound with a cis cts 
configuration and, probably, terminal carboxyl groups The work of Jaffd 
(1909) showed that m the animal organism muconic acid can be recoveied after 
the mjection of benzene, providmg a certain biochemical piecedent for the con 


TABLE 3 


Relative total uptakes of oxygen, uncorrected for auloresptrahon, with 2 micromoles of benzoate 

and of dl-mandelate 


EXPEBIUENT 

TOTAL UPTAKE OP OXYGEN laCHOUTEBS 

WFFESZNCE 

mCSOLITEBS 

omzaena uolls 
P£B U0L£ 

dl Mandelate 

Benzoate 

1 

282 

232 

50 

1 11 

2 

269 

230 

39 


3 

284 

246 

38 


4 

326 

284 

42 


5 

298 

256 

42 

0 94 


Average excess uptake of oxygen with df-mandelate over that with benzoate 0 94 moles 


per mole 


sideration of this possibility However, subsequent investigations (Dnunmon 
and Fmar, 1938) have shown that the mucomc acid produced in the animal or- 
ganism IS the trans-trans form, rather than the cis-cis form that might be ex- 
pected to result from a direct oxidation of the benzene molecule 


A 

V 


r^COOH 

^COOH 


and hence there is considerable uncertamty about its ongm and relation to en^ 
zene oxidation On more general grounds, however, an oxidative rupture 0 
type pictured above appears unlikely, since it presumably involves a direc 
hydrogenation of the benzene rmg, which is hard to envisage A muc m ^ 
attractive concept is the possibility that oxidative attack on the ring 
preceded by a partial or complete saturation of the double bonds by water a 
tion, a process that would at once destroy the resonance to which the en 
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ring owes its stability and allow dehydrogenations to occur If this represents 
the first stage of attack on the ring, it should result in the production of hydroxy 
denvatives of cyclohexanol, or of compounds with a ring structure mtermediate 
between cyclohexanol and benzene There is a certam amount of mdirect evi- 
dence that suggests the possibihty of transformations along these lines m hving 
organisms Hydroxy derivatives of the cyclohexane senes (quercitol, mositol), 
some of them contaimng carboxyl groups (quimc, shikimic, and sedanomc acids), 
are known to be widely distnbuted among plants Furthermore, some of them 
(e g , shikimic and sedanomc acids) have a double bond between two of the car- 
bon atoms m the nng, thus bemg transitional chemically to the aromatic group 
Hall (1937) and Dangschat and Fischer (1938) have postulated dynamic mter- 
relationships m plants between cyclohexane and benzene denvatives 
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Fig 4 THBFoBiroLAEFOBp-HTDBOXYBBNzoic(I),SHiKiiac(n),ANDQTjE«c(III) Acids, 
Dkawh to Indicate the Possible Manneb in Which Addition of Water to the 
P-Htdboxtbenzoic Acid Molecule Could Occdb 


Insofar as the oxidation of benzoic and p-hydroxybenzoic acid is concerned, it 
13 the hydroxycyclohexanecarboxyhc acids, such as quimc and shikimic, that 
must be considered as possible mtermediates A comparison of the formulae for 
p-bydroxybenzoic, quimc, and shikimic acids shows the very close relationship 
that exists between them, theoreticaUy p-hydroxybenzoic acid could be trans- 
formed mto shikimic or quimc acid by the addition of two or three water mole- 
cules respectively, as is shown m figure 4 A decomposition of benzoic acid along 
much the same pathway is also possible and would mvolve only one dehydro- 
genation foUowmg water addition, an assumption that is compatible with the 
findin g that it IS not decomposed via p-hydroxybenzoic acid There is another 
reason for considering a decomposition of aromatic acids through hydrovycyclo- 
hexanecarboxyhc acids as a very attractive possibihty It is known that quimc 
and shikimic acids can be oxidized by chemical means to citnc and irans-acomtic 
acids, respectively, through rupture of the nng between the third and fifth car- 
bon atoms and the ehmmation of carbon dioxide (Fischer and Dangschat, 
1934, 1935) If an oxidation of this type occurred biologically, a small number 
of simple step reactions would suffice to transform the aromatic acids mto com- 
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pounds that could then be further attacked through the Krebs cycle Reverse 
reactions along this path would also provide a possible mechanism for synthesis 
of the benzene nng 

Smce qumic acid was commercially available, its possible mtennediate role 
was tested Growth experiments showed that it was readily utihzed by 21 out 
of the 22 strains employed, thus constitutmg one of the most widely attacked 
ternary compounds for fluorescent pseudomonads However, the smgle strain 
that was unable to use it as a growth substrate developed well with both benzoate 
and p-hydroxybenzoate The possibihty that qumic acid itself is an mtennediate 



TIME, MINUTES 

Fig 5 Oxidation of Quinate and Benzoate bt Strain A 3 8 Grown on 

Yeast Extract Agar , 

1 = autorespiration, 2 = 2 micromoles of quinate, 3 = 2 micromoles of benzoa 

in the oxidation of these compounds was then completely ehmmated by adapta 
tion experiments, usmg stram A 3 8, which can attack phenylacetate, benzoa e, 
p-hydroxybenzoate, and qumate In spite of their negative outcome, these e^^ 
penments are perhaps worth recording as an illustration of the usefulness o 
adaptive techmque 

The oxidation of qumate by stram A 3 8 is adaptive, but adaptation occ 
with much greater rapidity than m the case of aromatic compounds _ ^ 

the first 10 mmutes after substrate addition to cells growm on yeast extrac e 
is an oxygen uptake appreciably greater than the autorespiration, and the s e 
maximum rate is very qmckly attamed The relative rate of 
benzoate and to qumate is shown m figure 5 It might almost be thougn 
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the attack on quinate is constitutive, were it not for the fact that the slight lag 
shown in figure 5 is completely abolished by growth m the presence of qumate 
(figure 7) 



Fig 6 Oxidation of p Htdroxtbenzoatb and Quinate bt Strain A 3 8 
Grown on p Htdroxtbenzoatb Agar 

1 = autorespiration, 2 = 2 micromoles of p-hydroxybenzoate, 3 = 3 micromoles of 
p-hydroxybenzoate, 4 = 2 micromoles of qumate, 5 = 2 micromoles of qmnate + 2 micro- 
moles of p-hydroxybenzoate 


The lag in quinate oxidation is not abolished by growth on phenylacetate 
benzoate, or p-hydroxybenzoate, from which one may conclude that it is not an 
mtermediate in the oxidation of any of these compounds Furthermore the 
rate of oxygen uptake by cells oxidizmg p-hydroxybenzoate and qmnate together 
is greater than the rate for p-hydroxybenzoate alone, although not quite addi- 
tive This indicates that additional dehydrogenating sj-^stems, not operative m 
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p-hydroxybenzoate oxidation, are brought into play when quinate is being 
simultaneously oxidized The data illustrating these points are showninfiguteB 
Although it thus seems estabhshed that quixuc acid is not an intermediate in 
the oxidation of the aromatic acids, the possibility remains that a related cycle 
hexanecarboxyhc acid, ivith a shghtly different arrangement of the Lydroiy 
groups, or perhaps with one double bond m the nng, may belong in the reaction 
chain Unfortunately no other compounds of this type could be obtained for 
testmg purposes One reason for suspecting that a compound of this type 



Fig 7 Oxidation of Various Compounds bt Strain ASS Grown on 

1 = autorespiration, 2 = 2 micromoles of quinate, 3 = 2 micromoles of p-hyaroxyDe 
ate, 4 = 2 imcromoles of benzoate, 5 = 2 micromoles of mandelate, 6 = 2 micronio e 
phenylacetate 

actually plays an mtermediate role is the indication obtamed from another 
perunent that there is an enzymatic mterrelationship between the breakdown o 
quinate and of p-hydroxybenzoate Cells growm on qumate show a striking an 
specific decrease m the tune needed for subsequent adaptation to p-bydro^y 
benzoate, as can be seen from figure 7 This figure should be compared w 
figure 1, m which data on adaptation to aromatic acids by the same strain 
growth on yeast extract agar are given It can be seen that the tune requi 
for adaptation to benzoate, mandelate, and phenylacetate is very similar irres 
pective of whether the organism is grown on qumate or on yeast extract agar, 
whereas with p-hydroxybenzoate there is a marked difference 
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SUMMARY AND CONCLUSIONS 

Fluorescent pseudomonads can attack many aromatic compounds and use 
them as substrates for growth The attack is m all cases brought about by 
adaptive enzymes 

Adaptation to this class of compounds is extremely specific Complete, simul- 
taneous adaptation to two or more aromatic substances after exposure to one of 
them occurs only if the compounds m question compnse members of a common 
reaction cham 

Several Imes of evidence mdicate that dZ-mandehc acid, benzoyl formic acid, 
benzaldehyde, and benzoic acid are successive members of a reaction cham 
Benzyl alcohol also appears to participate m this cham (via benzaldehyde) 
In addition to this cham, there are several other distmct enzymatic mechanisms 
mvolved m the oxidation of aromatic substances by fluorescent pseudomonads, 
separate mechanisms existmg for phenol, p-hydroxybenzoic acid, and phenyl- 
acetic acid 

The one optically active aromatic compound tested, mandehc acid, is attacked 
without discnmmation between the two stereoisomers 

It IS clear that these dissimilations mvolve a far-reachmg degradation of the 
benzene nucleus Possible alternative schemes whereby the mitial stages of 
such a degradation might proceed are discussed A potential mtermediate m 
one of these schemes, qumic acid, is shown by vanous hnes of e%adence not to be 
functional m the dissimilation of aromatic acids Certam data indicate, how- 
ever, that a biochemical relationship exists between qumic and p-hydroxyben- 
zoic acids, and it is therefore not excluded that some other hydroxycyclohexane- 
carboxyhc acid may occur as an mtermediate 
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Unsaturated Cis fatty acids, particularly oleic, are known to inhibit the growth 
of a great variety of bacteria (see Humfeld, 1947, for hterature summary) In 
contrast, virtually nothing is known of the effect of such agents on the gemuna- 
tion of spores preparatory to vegetative development Castor soap has been 
reported inhibitory to Clostridium boluhnum (Gibbs et al , 1926), but it is not 
clear whether spores or vegetative cells or both were employed as moculum 

In a previous paper (Wynne and Foster, 1948a) we observed that incorporation 
of 0 1 per cent soluble starch m the spore-counting medium resulted in substan- 
tially higher counts on a pasteurized suspension of C boluhnum spores than non- 
starch control media, and furthermore that the charactenstic dormancy of bot- 
iilinum spores was eliminated under these conditions The starch evidently 
neutralizes some factor (s) mimical to germmation of the spores Ley and 
Mueller (1946) studied a similar situation in which a factor present m ordmary 
agar was inhibitory to gonococci and also was neutrahzed by small amounts of 
starch The inhibitory material in agar had properties similar to oleic and 
steanc acids We have found that small amounts of oleic, hnoleic, and Imolenic 
acids inhibit the germmation of Clostridium spores, that starch neutralizes this 
action, and that the presence of these acids in complex natural materials may 
account for the depressed germination rate and counts in the absence of starch 

EXPERIMENTAL PROCEDURE 

General methodology, details of orgamsms, and background information may 
be obtamed from the first paper of this senes (Wynne and Foster, 1948a) The 
germmation medium was generally Difco bram heart infusion broth with BBL 
thioglycolate supplement, and mcubations were at 37 C m an atmosphere of 
natural gas (CH) The counting medium was Yesair’s pork infusion contammg 
0 1 per cent soluble starch The fatty acids (Na salts) were stored as 0 1 per 
cent aqueous solutions No loss in inhibitory effect of sodium oleate was ob- 
served over a storage period of 3| months 

Comparison of various fatty aads Table 1 shows that suppression of ger- 
mination of C boluhnum 62A is proportional to the concentration of oleate added, 

1 This project has been undertaken in co-operation with the Committee on Food Research 
of the Quartermaster Food and Container Institute for the Armed Forces The opimons 
or conclusions contained in this report are those of the authors They are not to be con- 
strued as necessarily reflecting the views or having the endorsement of the War Depart- 
ment 
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mhibition being practically complete witb 10 jug oleate per ml m a 24-liour m 
cubation period, and abeady apparent with only 0 1 /ig per ml Five other 
strams of C botuhnum (78A, 6B, 115B, 213B, and 29) sbow some degree of varia- 
tion m susceptibibty, but all are affected Lmoleic and Imolemc acids are 
comparable to oleic acid 

Ten representative fatty acids m final concentrations of 3 6 X u ( = 1 
fig per ml oleate) were next compared for inbibitory action on botulmum ger 
mmation Those tested were pelargomc (Cg), capric (Cio), undecylemc (Cu), 
lauric (C12), myristic (Cu), palmitic (Cw), stearic (Cu), oleic (Cu) lmoleic (Cia), 
Imolemc (Cis) Significant inhibition was exerted only by the three unsaturated 
C 18 acids and palmitic (Cu) Though palmitic acid lepeatedly proved to be as 
effective as oleic at concentrations of 1 fig per ml, its action did not mcrease 
sigmficantly at highei concentrations as did that of the unsaturated Cu acids 
Noteworthy was the mactwity of stearic acid, the saturated homolog of oleic, 
and also the unsaturated Cn acid, undecylemc, the well-known inhibitor of 
dermatophytic fungi Steanc acid is devoid of inhibitory power even at a 


TABLE 1 

Oletc acid and germination of Clo&tridium botuhnum spores 


OLEIC ACID 

mCTTBATlON 

AVa COUNT 
RESIDUAL SPORES 

OERMINATZD 

SPOfiXS 

GERlONAnON 

iNHiBrnoM 

Pf/ml 

hours 



% 

% 

— 

0 

530 

— 1 

— 

— 

— 

24 

120 


77 

— 


24 

240 

290 

55 

29 

0 5 

24 

360 


32 

59 

1 0 

24 

400 

130 

25 

68 

10 0 

24 

520 

10 

2 

97 


concentration of 100 fig per mi Tests of various combinations of the unsatu 
rated Cis acids failed to reveal any evidence for synergistic action in mhibiting 
germination Lmolenate actually proved to be substantially more effective t an 
oleate (table 4) , 

Complete suppression of germination With concentrations of 10 pg per 
any of the three unsaturated Cis fatty acids, neither measurable germina wn 
nor turbidity occurred during the usual short (about 24-hour) incubation pen 
Such findings prompted a more prolonged study of this apparently 
inhibition of genmnation Smce a very few spores might conceivably Se^“ 
and produce turbidity through subsequent vegetative development 
and Foster, 19486), the nonappearance of turbidity would be the most 
criterion of full inhibition of genmnation, piovided that it could be shown 
vegetative cell development is less sensitive to oleic acid than spore ge 
tion Furthermore, as shown below m media with higher concentratioM^^ 
oleic acid, a sporocidal effect was observed over long mcubation pen s,^ 
rendermg residual spore counts meamngless m such cases, and necessitatuio 
adoption of turbidity as the cntenon of 100 per cent inhibition 
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Table 2 shows that oleic acid up to the 100-;ig level had a ueghgible effect on 
growth of spore-free vegetative cell inoculum except perhaps when the inoculum 
was insigmficantly low , i e , 3 to 30 cells per ml The origmal moculum count 
was made by dnect microscopic count with a Petroff-Hauser chamber To 
present kdling the sensitive xegetative cells by exposure to oxj^gen dunng dilu- 
tion freshly boiled medium was used 

In contrast, spores free of vegetative cells and tested in a manner similar to the 
vegetative cell experiment are decidedlj’’ sensitive to oleate inhibition (table 3) 


TABLE 2 


Oleic acid and vegelatiie development of Clostridium holulinum G2A 
(Figures represent approximate average tune of appearance of turbidity in hours) 


VECETtmX aOCCLClr CEUS PEX -n. 



3 

jO 

300 

3 COO 

30 OOO 

jOO 000 

3 000 000 

IHlri 

0 

22 

■ 

16 

14 

<14 

<14 

<14 

1 

21 


16 

14 

<14 

<14 

<14 

10 

23 

24 

19 

IS 

16 

<14 

<14 

100 

(-) to 60* 

(-) 

34 

26 

19 

<14 

<14 


(— ) = no turbidity in 18 days 

* One of the duplicate tubes showed turbidity m the tune specified, the other remained 
negative for the observation period 


TABLE 3 

Effect of oleic acid on spore germination in Clostridium botuhnum 62A 
(Figures represent approximate average time ol appearance of turbiditj m hours) 


OIXIC ACID 



XMXTTLUII SF02ZSFCZ11I, 




5 

50 

500 

5 000 

50 000 

500 OCO 

pr/ml 

0 

46 

46 

33 


20 

20 

1 

40 

33 

37 


20 

18 

10 

(-) 

(-) 

(-) 

(-) 

31 

26 

100 

(-) 1 

(-) 1 

(-) i 

1 1 

(-) 

(-) 


(— ) = no turbidity in 4J months 


No Sign of germmation was evident by microscopic exanunation of the spore 
tubes with 100 pg oleate after 72 days’ mcubation Failure to develop turbidity 
IS, therefore, a vahd cntenon for complete suppression of germmation 

Germmation inhibition is m marked dependence on the medium used In 
synthetic ammo acid medium and also m a “casammo” acid medium, results 
were generally similar to those m table 3, but 10 pg of oleate were somewhat less 
effective at spore levels of 500 and 5,000 per ml 
The inhibitory action of oleate was clearly of another order of magmtude when 
tested m a new (second) lot of Difco bram heart infusion Lonolenate was also 
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compared m this expenment (table 4) Both oleate and hnolenate were stnk- 
mgly less mhibitive to germmation m the second lot (2) of Difco medium than in 
the first lot of the same medium As a matter of fact the interpretation of the 
experiment depends solely on which bottle of Difco medium the mvestigator 
chances to pull off the shelf In either case, however, hnolenate proves to be a 
more potent inhibitor than oleate, by a factor of approximately threefold One- 
tenth per cent starch is not enough to detoxify 100 /ig of hnolenate m either 
medium, but it is sufficient to detoxify 30 fig hnolenate m lot 2 medium 

Recent experiments, to be reported later, have shown that neutral lipid sub 
stances also can neutralize the inhibitor action of oleate As prolonged extrac 
tion of the dehydrated medium of lot 1 m a Soxhlet with ether and with petro- 
leum ether failed to alter matenally the effect of added oleate, it is presumed 


TvkBLE 4 

Oleate and hnolenate inhibition of spore germination in two lots of Difco brain heart infusion 


(Figures represent tune of appearance of turbidity in hours) 


Na OLEATE 

Na LDiOLEJiATE 

STASCH 0 1 PEE C22fr 

LOT 1 

iot2 

Pj/ml 

0 

Itglml 

0 


24 

20 

3 

0 

— 

36 

23 

10 

0 

— 

(-)* 

28 

30 

0 

— ■ 

(-) 

48 

100 

0 

— 

(-) 

48 

100 

0 

+ 

(-) 

60 

0 

3 

— 

60 

22 

0 

10 

— 

(-) 

48 

(-) 

0 

30 

— 

(-) 

0 

30 

-b 

(-) 

36 

(-) 

0 

100 

— 

(-) 

0 

100 

-b 

(-) 

(-) 


* ( — ) = no turbidity by the fifth day 


that the discrepancy between the two lots is due to their different contents o 
inhi bitory substances, possibly fat acids Bemg present in the salt form, 
were not extracted by the fat solvents 
Sporoctdal action of oleic acid Tubes contammg 100 pg per ^ o o 
hnolemc acid and mcubated 36 days have shown counts of only 0 5 to 2 per ce 
of the 550 mcubated spores, wnth no turbidity occurrmg To ehmmate ^ 
sibihty of chance dormancy the countmg tubes were remcubated or 
after the usual 3-day readmgs, but with no mcrease in colony count 
tune controls showed that the starch content of the medium g j 

trahzed any fatty acid inhibition earned o\ er m countmg Direct tests 
per cent starch show complete neutrahzation of 10 pg per ml of oleate-^an 
in excess of that earned over into the counting medium One Thorough 

that 98 to 99 5 per cent of the inoculated spores were rendered nonvia e r 
prolonged contact with oleate 
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But, again it is the medium that makes this conclusion highly suspect, for the 
same concentration of oleate has no sporocidal action ovei 36 days when the 
spores are inoculated into distilled water instead of medium Under these 
conditions spore recovery was identical with and without the oleate 
Oleate pei se is not, therefore, sporocidal The only likely interpretation to 
explain the sporocidal experiment in the medium is that the medium itself is 
sporocidal, or that it lends to oleate a sporocidal action not evident with this 
substance itself This action is not fast, for it does not show up at least for the 
first several days, i e , duimg this period a true inhibition, not kilhng, is takmg 
place As vegetative cells themselves are resistant to oleate inhibition, it does 
not seem likely that the medium eflfect can be ascribed to a kilhng action of 
oleate on spores in any stage of germmation that the medium would allow It 
isfevident that a sporocidal medium could be detected only under the condition 

TABLE 5 


Effect of oleic acid on spore germination in other species of clostndia 
(Figures represent approximate time of appearance of turbidity in hours) 




INOCni.UM, SPO££S 2JL 


OUEIC AOD 

! Putrefactive anaerobe no 

3679 

1 Chstndtum chauvcv 


5 000 1 

50 000 

500 000 

S 000 

50 000 

0 

1 

12 

<12 

<12 

12 

10 

1 

12 

<12 

<12 

12 

10 

10 

24 

17 

12 

13 

10 

1 

100 

(-) 

(-) 

36* 

24* 

(-) 

38 

36 


(— ) = no turbidity in 4J months 

* One of the duplicate tubes showed turbidity in the time specified, the other remained 
negative for 44 months 


that prevailed here, namely, that the spores cannot germmate, as they cannot 
m the presence of oleate 

Resistance of spores which show border-line germination The appearance of 
turbidity wth a spore moculum of 50,000 but not with 5,000 per ml in the pres- 
ence of 10 pg of oleate (table 3) might be hypothesized as bemg due to the pres- 
ence of resistant spores such that 1 up to 10 were present m 50,000 but not 
5,000 An analogous explanation has been postulated for resistance of C hotu- 
linum spores to pemciUm (Curran and Evans, 1946) and is a well-known event 
m drug resistance of bacteria However, three such “border-line” spore tubes 
counted shortly after turbidity appeared gave an average of 93 per cent genmna- 
tion, thus contradictmg that hypothesis 

Since the sporocidal action of the medium and oleic acid might have compli- 
cated these results, a different approach was adopted Serial loop transfers of 
“border-hne” tubes were made at 18- to 24-hour mtervals m brain heart infusion 
broth containing 100 pg per ml of oleic acid to eliminate ungermmated spores. 
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Since it had been demonstrated that spore germination does not occur under 
such conditions Two such cultures were then allowed to sporulate m the ab- 
sence of oleate and were heated 20 mmutes at 75 C to eliminate vegetative cells 
A comparison of these spores with those of the parent strain faded to demonstrate 
a difference m oleate resistance, a fact rather suggestive that inherent spore 
variation and selection is not the explanation for the germination m the border 
hne cases, although some other remote possibihties do exist 
Other species Four other anaerobic species were tested for spore genmnabon 
inhibition with the techmque given above for C iotulinum (table 5) Medium 
lot no 1 was employed m this experiment Chstndium perfnngens and putre 
factive anaerobe no 3679 were similar, both bemg somewhat more resistant to 
oleate inhibition than C botuhnum Microscopic exammation of tubes showmg 
no turbidity after 63 days’ mcubation revealed no signs that any germination 
had taken place Spores of Clostridium chauvei and Clostridium hislolylicum 
both were much more resistant to oleate, 100 ng per ml bemg insufficient to sup- 
press germination of a 5,000-spore moculum 

With four species of aerobic spores. Bacillus brevis, Bacillus megatherium, 
Bacillus mesentencus, and Bacillus subtilis, no significant retardation of germina- 
tion by 100 fig per ml oleate was noted with any spore moculum down to 5,000 
spores per ml, the smallest number tested 

DISCUSSION 

The inhibition by the unsaturated Cis fatty acids of spore germmation in 
clostndia is umque because it is specific for the germination process, there being 
no significant inhibition of the vegetative cells after germmation This m 
it possible to mamtam and to study viable spores under conditions in whic 
otherwise they would rapidly pass from the spore to the vegetative state, a feature 
which may be a handy tool m studymg the metabolism of spores 

The stnkmgly different results obtamed m different lots of the same com 
mercial dehydrated medium mdicate strongly that the mvestigator in bacten 
ology must not be misled mto the innocent behef that commercial me la are 
uniform or even satisfactory, merely because they are furnished dehy ate 

convemence f f hib 

Part of these discrepancies doubtless may be ascnbed to the conten o 
itory long cham fat acids The presence of starch can overcome these 
substances, and doubtless some others that may be present, and is thus a me 
of ensurmg a TmmTnnm of inhi bition from constituents of the medium i 

sumiAEY 

Oleic, hnoleic, and hnolemc acids have been shown to be strongly 
to the germmation of spores of six strains of Clostridium 
bemg most effective, steanc acidwms completely mactiv e Spores o 
turn perfringens and putrefactive anaerobe no 3679 were less inhibite , 
spores of Clostridium hislolyticum and Clostridium chauiei were onj~ 
affected by oleate Spores of four aerobic species were unaffected 
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Oleic acid m a concentration of 100 /iig per ml prevented germination of large 
spore inocula of C bolulinum over 4| months 
Vegetative cells of C botuUnum are not inhibited by these acids 
Oleate at 100 ng per ml is not sporocidal itself, as killing was not observed in 
distilled water but only m a complete medium (brain-heart) 

The degree of effectiveness of these Cia acids in suppressmg germmation was 
greatly diffeient in two different lots of the same medium 
The effect of inhibitory substances m nutritionally adequate media may cause 
more conflictmg results m bacteriology than is now appreciated Starch (0 1 
per cent) can neutrahze fatty acid type inhibitors and possibly other types 
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The information on the influence of the age of the bacteiial culture on the 
inhi bition of bacteria by the sulfonamides is hmited and contradictory Fisher 
and Armstrong (1947), using as young cells a 16-hour culture of Eschenchia coh 
and as old cells a 22-hour culture, found the young cells were more susceptible 
to the action of sulfathiazole Cham et al (1945), Muir et al (1942), and 
Rose and Fox (1942) also believed young cells were more sensitive to the 
bacteriostatic action of the sulfonamides Wolff and Juhus (1939) reported 
that the age of the culture was of no importance m the mechanism of sulfonamide 
inhib ition, but Long and Bhss (1939) and Fmklestone-Sayhss et al (1937) in- 
dicated that old cells were more sensitive than young cells Many mvestigators 
(Lockwood, 1938, White and Parker, 1938, Chandler and Janeway, 1939, Lock- 
wood and Lynch, 1940, Sprmg el al , 1940, Lowell et al , 1941, Boroff et al , 1942, 
Muir et al , 1942, Brueckner, 1943, Cham et al , 1945) have reported that a 
delay of 1 to 6 hours occurs before the sulfonamides mhibit the growth of bac- 
teria Hirsch (1944) added “ugafen,” a derivative of suKanilamide, at various 
tunes durmg the growth of E coh and staphylococci and found a delay in the 
bacteriostatic action of the drug irrespective of the point at which the drug was 
added Wolff and Juhus (1939) obtained similar results on adding sulfamlanude 
to hemolytic streptococci, and said it was necessary for bacteria to multiply a 
number of generations before the sulfanilamide could inhibit growth Lowell, 
Strauss, and Finland (1941) added sulfapyndine at various times during the 
growth of a culture of pneumococci inoculated from an 8- to 10-hour growth, and 
obtained a lag in the action of sulfapyridme throughout 

However, a number of observations have been recorded (Libby, 1940, Hobby 
et al , 1942, Sevag and Shelburne, 1942) m which no delay in the antibacterial 
action of the sulfonamides occurred Although many theories have been pro- 
posed to explain this puzzlmg phenomenon, no explanation to date seems ade- 
quate (Henry, 1944) 

It has been noted by many (Clark and Ruehl, 1919, Henrici, 1922, Eaton, 
1931, Martm, 1932, Walker et al , 1934, Huntmgton and Wmslow, 1937, Hershey 
and Bronfenbrermer, 1938, Hershey, 1938) that, durmg bacterial growth, bac- 
teria vary not only with regard to rate of growth but also physiologically This 
IS illustrated by the findmgs that young cells are more sensitive than old cells 
to such substances as bacteriophage (Bayne-Jones and Sandholzer, 1933), heat 
(Schultz and Ritz, 1910, Reichenbach, 1911, Sherman and Albus, 1923), cold 
(Sherman and Albus, 1923), and chemicals (Sherman and Albus, 1923,Watkms 
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and Wmslow, 1932) Therefore, it seemed reasonable that bacteria during their 
growth might vary also in then sensitivity to the bacteriostatic action of the 
sulfonamides, and this might account for the discrepancy in the reports on the 
occurrence of a delay in the bacteriostatic action 
In the piesent work the rate and amount of growth of E coli were determined 
m a synthetic medium and a nutrient broth by means of turbidity readings, 
plate counts, and measuiement of cell size With this information it was poa 
sible to determme accurately the effect of sulfamlamide on cultures of any physi 
ological 01 chronological age 


METHODS 

Organism E coh wms chosen as the test orgamsm since it grows well in a 
symthetic medium (Kohn and Harris, 1941, White ei al , 1941, Cowles, 1942), is 
susceptible to the action of the sulfonamides (Kohn and Hams, 1941 , Strauss 
et al , 1941 , White et al , 1941), and does not secrete SA antagonists into the me 
dium (Kohn and Harris, 1941, Lowell ei al , 1941) A stock culture, S coh, 
number I, was used On plating out this orgamsm, a rough colony phase was 
found, and both phases were subcultured The two cultures were streaked on 
plates at frequent intervals to verify the presence of only the smooth or of only 
the rough cultural phases To check the results with this strain, a second 
smooth culture strain was employed, the Amencan Type Culture Collection 
strain 6522, the stram employed by Kohn and Hams (1941) Stock slants of 
these orgamsms were kept m the refrigerator at 5 C and were subcultured twice 
a month 

The size and age of the inoculum Except as otherwise specified, the followmg 
conditions were maintamed The moculum for the tests consisted of cells groivn 
m the medium to be used and washed twice by centrifugation with the same 
medium The size of the moculum consisted of approxunately 175 million or 
gamsms as deternuned by the viable plate count method, and was measure y 
the Evelyn photolometer to give a density reading of 90 This inoculum wm 
taken fiom a 16- to 18-hour culture In the synthetic medium, growt a 
stopped for the most part at around the sixth hour, so that the orgamsms u ^ 
were, therefore, m a restmg stage and were considered old cells To define youDo 
and old cells as used m this work, young cells were those cells present a 
the lag phase and durmg the loganthmie phase of growth Old cells were 
present during the early lag phase and at the end of the groivth cycle 
definition was based on the work of mvestigators who found that cells 
the late lag phase and progressmg mto the early phase of logarithmic ^o\ 
cieased in size (Clark and Ruehl, 1919), m respiratory activities (Wa 
1934), in metabohc activities (Bayne-Jones and Rhees, 1929, Walker an 
low, 1932), and m rate of fermentation (Stark and Stark, 1929) These ce 
activities began decreasing durmg loganthmie growth, so that at its ternii 
the bactena resembled those present m the original moculum Therefore, 
these bactena were m a restmg stage, it was assumed they were old cells 
and Wilson, 1946) 
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Although growth had not completely stopped m the nutrient broth at the end 
of 16 to 18 hours, the bacterial growth curve obtamed with an moculum from a 
16- to 18-hour culture and that obtained with an inoculum from a 64-hour culture 
m which growth had stopped were found to be identical except that the 64-hour 
culture grew at a slower rate Therefore, an moculum from a 16- to 18-hour 
culture m nutnent broth was used as it corresponded more closely to that from 
the synthetic medium A 36-hour culture was used as an older culture from the 
synthetic medium, and for cultures younger than 16 hours, the sulfanilamide 
was added directly to the growmg bacterial' culture 

Media A synthetic medium (S-G) consisting of salts and glucose as recom- 
mended by Kohn and Harris (1941) was used Water redistilled from glass 
was employed m the preparation of the S-G medium as bacterial growth did not 
occur regularly when ordinary distilled water was used The nutnent broth 
recommended by Hershey (1939) was used as the other medium, and consisted 
of Difco peptone and beef extract m a phosphate buffer Eighteen ml of the 
two media were added separately to the standardized Evelyn test tubes The 
hydrogen ion concentrations of the media were adjusted to pH 7 2 with a Coleman 
electrometer 

Glassware All test tubes were cleaned by placmg them m cleaning solution 
overnight After bemg thoroughly nnsed with tap water and distilled water, 
they had to be nnsed also with redistilled water m order to obtam bacterial 
growth consistently They were sterihzed by autoclavmg at 20 pounds for 20 
mmutes 

Turbidity readings Many mvestigators (Libby, 1940, Kohn and Harris, 
1941 , MacLeod and Minch, 1942) have used this method for measuring bactenal 
growth Hershey (1939) found that density readmgs are an accurate method 
for the determination of growth since mtrogen detenmnations were proportional 
to the turbidity readmgs Turbidity readmgs also agree with the viable plate 
count method if it is remembered that the mcrease m density dunng the lag phase 
of growth may be due to an mcrease m cell length and not to an mcrease in cell 
population Filter no 520 was used m the Evelyn photolometer as recommended 
by Kohn and Harris (1941) 

Viable -plate count method The method employed as a modification of the one 
used by MacLeod and Minch (1942) A wire transfer loop which contamed at 
room temperature a volume of 0 007 ml was used to make the first dilution in 
salme from the test matenal A separate pipette was used for each of the two 
higher dilutions Two sets of dilutions were made from each culture, and 3 pour 
plates were made from the last dilution, thus makmg a set of 6 plates from each 
culture The error was approximately plus or minus 10 per cent The plates 
were made at the same times as the turbidity readmgs, so that a correlation 
could be made between the two The plates were mcubated at 37 C for 36 
hours and then counted 

Measurement of cell size Measurements of cell length were made from direct 
smears which had been stained by gentian violet and were measured by usmg a 
micrometer and a no 10 ocular m the microscope Although cell size is smaller 
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than its real value when measuied m this fashion, as pointed out by Knaysi (1944) 
and Huntington and Winslow (1937), the relationship between the sizes is of 
like degree 

Sulfamlamtde concentrations The routine SA concentrations used for each 
medium retarded the growth of E coh apioximately one-third when added 
with the inoculum For the synthetic medium this SA concentration was 10 
mg per cent, and for the nutrient broth 750 mg per cent The cultures were 
grown m a constant temperature water bath at 37 5 C 

RESULTS 

Normal growth curves in the two types of media To determine the effect of SA 
on the growth of bacteria m different media, it was necessary to ascertain first 



Time m hours 

Fig 1 The Effect of Sulfanilamide on E coli I in Synthetic and Nutrient 

the normal manner of growth of E coh under the conditions of the experiment 
In figure 1 are illustrated the typical growth curves of a smooth culture p esc 
of E coll I as determmed by turbidimetric methods Turbidimetnc rea mge 
mdicated that, in the S3mthetic medium, a lag phase of 1 5 hours occurred, o 
lowed by approximately a 3-hour logarithmic phase of growth, whereas m 
nutrient broth no lag phase of growth could be detected by this method ® 
apparent absence of a lag phase in this medium was probably due to the 
ate mcrease in cell mass The viable plate counts gave similar results ° ^ 
media, with first a short lag phase of 1 to 1^ hours, followed by the logant 
phase of growth The growth m the nutrient broth appeared to continue ^ 
50 to 55 hours as compared to the 5- to 7-hour growth m the synthetic roe lun^ 
and eventually reached a greater bacterial population than was found at e c 
of growth m the synthetic medium 
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The effect of sulfanilamide on the growth of E coli I when added with the inoculum 
In figure 1 are shown also the growth curves as measured turbidimetrically of 
E coll I in synthetic and in nutrient media with and without SA In the pres- 
ence of SA prompt paitial mhibition of growth occurred These results were 
confirmed by the plate counts, 

The determmations of ceU size (table 1) show that, m the cultures contaming 
SA, cell size increased for the first 1 5 hours, followed by a decrease in length 
during the logarithmic phase of growth These findmgs are m contrast to the 
control, m which length mcreased only for the first hour SA in these expen- 
ments did not form large aberrant forms of E coli I, as has been found by others 
with certain cocci (Boroff et al , 1942) 

Thus SA inhibited the growth of E coli I promptly, and, since these results 
were unexpected owing to the large number of observations which report a delay 
in the bacteriostatic action of the sulfonamides, certain experimental conditions 
were altered in an attempt to explain this reaction 

(1) Use of larger and smaller concentrations of sulfanilamide with the same 
inoculum of E coli I Prompt inhibition of growth occurred regardless of the 

TABLE 1 

Cell length in microns of E coli I at different times during growth in synthetic media 


THIZ in iONUTES 



0 

30 

60 

90 

120 

165 

225 1 

260 

Without SA j 

2 75 

2 85 

3 8 

3 18 

2 68 

2 37 

2 23 


With SA 

2 59 

3 09 

3 47 

3 54 

2 35 

3 08 

2 44 



concentration of SA employed m both nutrient and synthetic media Concen- 
trations of SA varymg from 10 mg per cent to 40 mg per cent produced a pro- 
portionately greater inhibition of growth in the synthetic medium, and concen- 
trations from 1 mg to 10 mg per cent of SA produced proportionately less 
inhibition In the nutrient medium, owing to the insolubility of SA in concen- 
trations greater than 750 mg per cent these were not used, however, less SA 
inhibited the growth proportionately less These results confirmed those of 
other investigators that, for a given inoculum, inhibition was proportional to the 
concentration of the sulfonamide 

(2) The effect of mcreasmg or decreasmg the size of the inoculum on sulfona- 
mide action Different amounts of moculum were used m both media with the 
standard concentrations of SA, and again it was found that prompt inhibition 
occurred in both media when SA was added immediately, but that the amount 
of inhibition varied As the inoculum became larger, the inhibition of growth 
was less 

(3) The mfluence of the culture phase on the sulfanilamide action The rough 
(R) culture phase of E coli I was compared with the smooth (S) culture phase 
usmg the standard amount of moculum and SA concentration, to determine 
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whether the culture phase influenced the SA action It was found the R phase 
of E coU was mhibited promptly m both media by SA Moieover, there ap- 
peared to be no difference in sensitivity to SA between the two culture forms 

(4) The effect of sulfanilamide on another stram of E coh The second strain 
of E coll, 6522, was used to determme whether the prompt inhibition of growth 
which occurred with the stock stram of E coh was a characteristic of only that 
stram The standard amount of moculum of this organism was added to the 
media and to media contammg the standard concentrations of SA, with the 
result that agam prompt inhibition of growth occurred both m the synthetic 
medium and m nutrient broth In the synthetic medium, the lag phase of 
growth with stram 6522 was shorter, and the generation time more rapid during 
the logarithmic phase than with E coh I Varymg concentrations of SA added 
to the standard moculum of stram 6522 orgamsms m the synthetic medium pro- 
duced the same proportional inhibition as was obtamed with E coh I 

(5) Use of unwashed cells Unwashed cells were used m place of the washed 
cells However, prompt inhibition of bacterial growth by the SA occurred 

(6) Use of older bactenal cells An moculum from a 36-hour culture was used 
m the synthetic medium, and an moculum from a 64-hour culture (after growth 
had stopped) was used m nutnent broth Inocula from these cultures when 
added to medium contammg the standard concentrations of SA agam were in 
hibited promptly m both media The effect of SA on cells younger than 18 
hours will be discussed m the next section 

The effect of ^SA on the growing cultures of E coh (1) Synthetic medium 
SA was added at 30-mmute mtervals to growmg cultures of the smooth stock 
stram of E coh The moculum was taken from an 18-hoiir culture SA adde 
durmg the first 1 5 hours, or durmg the lag phase of growth, produced prompt 
inhibition of bacterial growth The amount of SA inhibition durmg the lag 
phase decreased with each later addition When SA was added at 2 hours (X 
at the tune the logarithmic phase of growth was beginning, a delay m the 
inhibition occurred which lasted for 1 to 2 hours followed by the usual sulfam a 
nude inhi bition The results of a typical experiment are shown m tab e 
SA was added also to the growmg culture at 15-mmute mtervals with the same 
results , , jjg 

The first set of plate counts was made of the control growth of E coh an 
growth to which SA was added at 1 hour The plate counts confirmed ^ ® ^ 
bidity readmgs m that no delay was present The second set of plate 
was made of the control growth of E coh and the growth to which SA was a 
at 2 hours after moculation, or at the begmnmg of the l°Santhmic p ^ 
groivth, and these results show a delay m the bacteriostatic action o 


the cul 

The size of the bactenal cells was measured m the control culture an ^ 

ture to which SA was added at 2 hours, and it was found to vary m ^ 
fashion m both cultures, therefore, there appeared to be no relationship e 
cell size and the delay m SA action ^ 

The hydrogen ion concentration was measured durmg the growth o 
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m the synthetic medium for its possible effect on the delay m SA action This is 
presented m table 3 At 2 hours, when a delay m the SA inhibition occurred, 
the pH of the medium was 7 0 This hydrogen ion concentration was not sig- 
nificantly lower than that of the medium imtially 

TABLE 2 

The effect of adding 10 mg per cent SA to an E coh I culture at various times during growth 

in synthetic medium 


SYNTHETIC UEDIDII 


Percentage of transnussion of light 


nux n? imnTTSs 

SA added 
moculum 

SA added 1 hr 

SA added hr 

SA added 2 hr 

SA added 2} hr 

c* 

SAt 

c 

SA 

c 

SA 

c 

SA 

c 

SA 

0 

90 00 

90 00 

90 00 

90 00 

90 00 

90 00 



90 00 

90 00 

60 

86 00 

87 50 

88 00 

88 OOt 







90 

84 SO 

86 50 

87 00 

87 50 

87 00 




83 50 

83 SO 

120 

78 25 

84 75 

82 00 

86 00 

82 00 

84 50 


80 OOt 

78 00 

78 00 

ISO 

73 00 

83 00 

78 00 

82 75 

77 50 

81 50 


75 00 

73 50 

73 sot 

180 

66 50 

mi j 

71 25 

77 00 

71 00 

76 50 

68 50 

HI 

69 00 

69 00 

210 

60 00 


65 00 

72 50 

63 50 

71 00 


mm 

63 00 

63 00 

240 

56 00 



69 00 

59 00 


57 50 

59 00 

56 75 

57 50 

270 

52 00 

66 75 

54 SO 

65 so 

54 00 

64 00 


55 00 

52 75 

53 75 

300 







50 50 

54 00 

49 SO 

51 00 

375 

SO 50 


50 50 

55 00 

49 00 

53 00 

HI 

53 00 

48 00 

49 50 

18 hr later 

49 00 

H 


50 00 

49 00 

49 00 


49 00 

48 00 

48 00 


• Tube to which no SA was added 
t Tube to which 10 mg per cent SA was added 


TABLE 3 

The variation in the hydrogen ion concentration occurring during the growth cycle of E coh I 

with and without SA 


SYNTnsTic Mzonni 

TIM£ IN UINUXeS 

1 


60 

120 

' ISO 

240 1 

300 1 

330 

pH of medium without 








SA 


7 05 

7 0 

6 5 

6 35 

5 85 

5 35 

pH of medium with SA 


HI 

6 9 

6 9 

6 9 

6 75 

6 7 


In order to determine whether antagonists to SA action might be present in 
the medium and so mterfere with the action of the SA to give a delay m its m- 
hibition, two growmg cultures of E coh were centrifuged at 1 hour and at 2 hours 
after inoculation, and the supernatant was removed To one tube of each set 
fresh medium was added, and to the other tube medium contaming 10 mg per 
cent of SA Both tubes were agam mcubated at 37 5 C The culture to which 
SA was added at 1 hour was inhibited promptly by the SA, whereas the 2-hour 
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culture to wluch SA was added showed approxunately a 1-hour delay in the 8.1 
action These results (table 4) confirm the findings that (1) the delay in the 81 
action IS not caused by a pH change, and (2) changes m the medium due to b) 

TABLE 4 

The effect of fresh synthetic medium added with the SA later in the E colt growth cycle on the 

bacteriostatic action of SA 


P£EC£NTAC£ OP TEANSmSSION OP LIGHT 


TUSE IN MINUTES 

SA added with the inoculum 

SA added after 1 hour growth 

SA added after 2-hottr growth 


c- 

SAt 

c* 

SAt 

c* 

SAt 

0 

90 00 

90 OOt 

90 00 

90 00 

90 00 

90 00 

60 

86 50 

88 00 

86 50 

85 75 

86 00 

86 00 

90 

82 50 

87 75 

Centrifuged 



120 

78 00 

85 00 



77 00 

78 00 

150 



82 00 

82 OOt 

Centrifuged 

195 

64 50 

79 00 

76 00 

79 00 

73 50 

73 50{ 

240 

56 00 

74 50 

69 50 

73 00 

67 00 

67 00 

285 

51 50 

71 00 

61 00 

66 25 

58 00 

59 00 

330 

51 25 

67 00 

53 50 

59 00 

48 75 

51 25 


* Tubes to which no SA was added 
t Tubes to which 10 mg per cent SA was added 
t Time when the SA was added 


TABLE 5 

The effect of 10 0 mg per cent SA in synthetic medium on larger inocula of E J 


FESCXNTACE OP TEANSMISSION OP UCHT 


TIME IN MI^^7TES 

78* 

1 

72 _ 


Ct 

SAt 

Ct 

SAt 

Ct 

s.a: 

0 

78 00 

78 00 

76 00 

76 00 

72 00 

72 00 

30 



73 00 

74 00 

59 00 

64 50 

57 25 

60 

67 50 

71 50 

69 00 

71 25 

90 



63 00 

65 00 

51 00 

105 

60 00 

65 00 



47 00 

54 00 

120 



55 50 

58 75 

150 

52 00 

59 00 

48 25 

52 00 



180 

195 

49 50 

53 00 



42 50 

47 00 

210 



43 50 

46 50 



225 

49 50 

51 75 







* Size of inoculum as measured by turbidimetric reading 
t Tubes to which no SA was added 
J Tubes to which 10 mg per cent SA was added 


products of bacterial growth do not mfluence or cause the delay m SA b- 

stasis t the tini^^ 

As the cell population was 3 to 4 tunes greater at 2 hours or a 

delay m the SA bactenostatic action occurred, this larger number o c 
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used as an inoculum m the presence of 10 mg per cent of SA to determine its 
effect on the delay However, since SA inhibited promptly the growth of this 
moculum (table 5), the number of cells at the beginning of the logarithmic phase 
of groivth was not important m producmg the delay m the SA inhibition 
The last factor tested was the use of a larger concentration of SA, 20 mg per 
cent, and addmg it at 30-mmute intervals durmg bacterial growth Again there 
was no delay m the SA action until logarithmic growth had begun Thus, a 
larger concentration of SA did not affect the manner of SA mhibition 

TABLE 6 

The effect of adding 750 mg per cent SA to an E colt / culture at various times during growth 

tn nutrient broth 


PEICE2JTACE OP TBANSIOSSION OF IJGBI 


TME IN MINUTES 

SA a^ded 
with moc. 

SA added 1 hr 

SA added li hr 

SA added 2 hr 

SA added 2) hr 


c* 

SAt 

c 

SA 

c 

SA 

C 

SA 

c 

SA 

0 

90 00 

90 00 

90 00 

90 00 

90 00 

90 00 

90 00 

90 00 

90 00 

90 OO 

60 

85 00 

87 00 

85 75 

85 00 







90 

82 50 

86 00 



83 00 

82 00 





120 



Centnfugedt 



79 50 

80 00 



135 





Centrifuged 





150 

79 00 

83 50 

iCTml 

75 00 



Centrifuged 

78 20 

79 00 

165 





72 50 

72 sot 

77 00 

77 OOt 

Centrifuged 

195 

76 50 

83 00 

68 50 

73 00 

64 50 

67 20 



71 00 

71 OOt 

225 







67 00 

67 00 

62 50 

62 50 

255 

75 00 

82 25 

66 50 

72 00 

62 00 

63 75 



62 00 

62 00 

270 







66 00 

65 70 



345 

73 50 

81 50 

65 25 

71 00 

61 00 

63 25 

64 50 

64 50 

61 00 

60 50 

24 hr later 

32 00 



64 00 

31 70 

61 00 

35 00 

56 00 

31 SO 

58 00 


* Tube to which no SA was added 
t Tube to which 750 mg per cent SA was added 

t Owing to the relative insolubility of SA, 750 mg just dissolved in 100 ml medium 
Thus in order to add 750 mg per cent SA to a culture, it was first necessary to centrifuge 
the cultures, pour off supernatant medium, and then add either medium with or without SA 

The same results were obtained when 10 mg per cent of SA was added at 30- 
min iite mtervals durmg the growth of (1) E coh 6522, (2) the rough culture phase 
of E coh I, and (3) unwashed cells of E coh I 

(2) Nutrient medium In table 6 are shown the results of addmg 750 mg per 
cent of SA to E coh I cultures at 30-mmute mtervals after moculation There 
was generally immediate mhibition of growth when SA was added for the first 
1 5 hours Although this experiment was repeated many times, the results did 
not check so regularly as those m which the synthetic medium ivas used For 
example, when SA was added at 1 or at 1 5 houis after moculation, there would 
be occasionally a delay m the bacteriostatic action of the SA The explanation 
for these reactions might be based on the assumption that owmg to the slover 
and more prolonged grouiih of E coh m the nutrient medium, the cells used m 
the various mocula varied somewhat m their stage of growth Thus m some 
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instances loganthnuc growth occurred earher, with the result that the delay in 
the SA inhibition also occurred earher 

Changes in cell size were found to be similar to those found m the synthetic 
medium, and m all other respects the results were identical with those obtained 
with the synthetic medium 

DISCUSSION 

It would appear from the results of this study that the presence or absence of a 
delay m the bacteriostatic action of sulfanilamide on E coh is related to the age 
of the bacterial culture and to the physiological state of the bacteria at the tune 
No delay m the SA inhibition occurred when SA was added to an inoculum con 
sistmg of old cells, but one did occur when SA was added to cells which were 
present just before and durmg the loganthnuc penod of multiphcation Such 
factors as the pH of the medium, the number of orgamsms, the culture phase 
(R or S) of the orgamsms, or the presence of metabohc by-products in the medium 
were found not to mfluence this phenomenon 

These results also help to explam the discrepancies existing in the literature 
YYith regard to the absence or presence of the delay m the bacteriostatic action of 
SA on bactena Although many mvestigators (Strauss and Finland, hhl, 
Boroff et al , 1942, Rose and Fox, 1942) do not state the age of the culture em 
ployed as an moculum, the results obtamed by a few that do (Lockwood, 1938, 
White and Parker, 1938, Kohn and Hams, 1941, Lowell el al , 1941, MacLeod 
and Minch, 1942) would mdicate that the explanation might be the one that is 
brought out m the present study These mvestigators used mocula from ac 
tively growmg cultures and obtamed a delay m the sulfonamide inhibition 
Hobby et al (1942) used an 18-hour culture of a streptococcus as an mocul^ 
and obtained no delay in the sulfonaimde action There are, however, a ew 
contiaiy reports Libby (1940) used an actively growmg culture of a pneum^o* 
coccus as an moculum and obtamed no delay m the SA action Muir el a 
(1942) obtamed a delay m the sulfonanude inhibition when using a 24-hour c 
ture of Salmonella enlenltdis as an moculum Sevag and Shelburne (1942) u 
an actively growmg culture of Streptococcus pyogenes and obtamed inhibition o 
bacterial respiration withm 15 to 30 mmutes It should be pomted out ^ ^ ® 

chronological age of a culture is not necessanly related to the physiologies aoe, 
as the latter wiU vary accordmg to the nature of the bactenum and the environ 
mental growth conditions , 

Regal dless of the mechamsm mvolved, which can only be specula e 
these findmgs, if found to apply to pathogemc bactena, may have consi 
significance from the standpomt of the prevention and treatment of e 
with sulfonamides 


susniAET ^ 

Sulfamlamide when added to either synthetic or nutnent media 
an moculum of Eschenchta coh consistmg of old cells produced prompt i 
of growth 
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This prompt inhibition shown by suKanilamide on E colt was not influenced 
by (a) the concentration of SA, (b) the size of the bactenal moculum, (c) the 
stram of E coli used, (d) the culture phase of the organism, or (e) the use of un- 
washed instead of washed cells for an moculum 

A delay m the bactenostatic action of sulfonamide occurred only when it was 
added to cultures of E coli, m either synthetic or nutrient media, just prior to or 
durmg the loganthmic phase of growth 

Changes m the pH, the medium, or the bactenal population did not influence 
the occurrence of the delay m the bactenostatic action 
Sulfanilamide did not significantly alter the size or shape of the mdividual 
cells m cultures of E coli 

Young, actively metabolmng and multiplymg cultures of E coU are more re- 
sistant to the bactenostatic action of sulfanilamide, whereas older and slowly 
metabohzmg and multiplymg cells of E colt are more susceptible 
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Recent studies have provided several types of evidence supporting the view 
that ammonia is the key mtermediate m mtrogen fixation by Azoiobacter An 
alternative hypothesis based on hydroxylamine depends almost entirely on the 
detection of traces of oximes m cultures fixing mtrogen Although the two hy- 
potheses are not mutually exclusive (Bums and Wilson, 1945), hydroxylamme 
remams an improbable mtermediate unless it or its oximes can serve as a source 
of mtrogen for the organism This important fact of utilization is disputed 
(Wilson and Burns, 1947), but quantitative experiments are few To clarify 
this significant aspect of the mechamsm of biological mtrogen fixation, we have 
re-exammed the entire question in an effort to secuie conclusive results 

METHODS 

Part of the confusion and controversy on this subject arises from the unsatis- 
factory methods for the estimation of oximes We beheve it desirable, therefore, 
to summarize not only our data on the reliability of the methods but also the 
exact procedures, two details missmg from several important studies m this field 
Hydroxylamine Endres’ modification (Endres and Kaufmann, 1937) of 
Blom’s method (1928) uas used, m which hydroxylamme is oxidized to mtrite 
with lodme-acetate solution, with sulfanilic acid the mtrite forms a diazo com- 
pound that IS coupled with a-naphthylamme to form a red dye that is estimated 
colorimetrically The reagents are 

Sulfamhc acid 10 5 g sulfamhc acid, 6 8 g sodium acetate, 300 ml glacial 
acetic acid, and 600 ml distilled water Boil 3 mmutes and dilute to 1 hter 
a-Naphthylamme To 1,000 ml of boihng distilled water add 5 0 g a-naph- 
thylamme and contmue boihng for an additional 5 mmutes Filter hot and add 
enough hydrochloric acid (about 5 ml, concentrated) to clear of precipitate 
lodme-acetate 1 3 g lodme dissolved m 100 ml glacial acetic acid 
Thiosulfate 2 5 g sodium thiosulfate dissolved m 100 ml distilled water 
Keep m refrigerator All reagents should be stored m brown bottles 

Procedure To 1 to 5 ml of unknown solution contammg about 1 pg per ml 
hydroxylamme add 1 ml of sulfamhc acid reagent and 0 5 ml lodme-acetate, 
shake for 2 mmutes, then decolorize excess lodme with thiosulfate and make to 
8 ml with distilled water Add 1 ml of a-naphthylamme reagent, shake well, 
and read red color m photoelectric colorimeter at 500 m^ The rehabihty of the 

I Supported in part by grants from the Rockefeller Foundation and from the Research 
Committee of the Graduate School from funds supplied by the Wisconsin Alumm Research 
Foundation 


517 



518 


RUTH NOVAK AND P W WILSON 


[vOL 55 


method was demonstrated by preparmg a standardization curve mth punfied 
sodium mtrite and estimatmg the hydioxylamine m samples of cp grade, recoveiy 
was quantitative Because of certam variations tried when this method was 
used for oximes, the effect of altermg the sequence of reagents was determined 
If the excess lodme is removed before the addition of sulfanihc acid, no color is 
formed, if the solution of hydroxylamme is boiled with the sulfanihc acid before 
treatment with lodme-acetate, color is formed, but not if the heatmg is done in 
the presence of lodme-acetate 

Oxime Endres (1934) used the lodme-acetate solution both to hydrolyze 
oximes and to oxidize the resultmg hydroxylamme, but we obtamed color with 
the oximes of oxalacetic or a-ketoglutaric acids only when they were hydrolyzed 
with sulfamhc acid Four ml of a suitably diluted oxime solution were added to 
4 ml of sulfamhc acid reagent, and the mixture was heated for 15 mmutes in a 
boilmg water bath After coohng and makmg to volume, 1 to 2 ml were used 

TABLE 1 


Free and bound NHiOH tn oxime of a-ketoglutane acid 


02ua 

rETOGLUTAaiC 

ACID* 

tbeeNH^IH 

BOUND NHjOHt 

couxcns 

jiicovnti 

Dilution 

Total 

Recovoy 

ml 




Vtlnd 

per am 

fcrctnl 

1 

1 58§ 


1 20 

1 78 


39 5 

2 

0 50 


1 20 

1 13 


33 8 

3 

0 55 



— 


■“ 

5 

0 75 


1 10 

0 65 

9 8 

8 8 


* Added to 1 ml 0 2 m NH,0H (66 #«g) and kept 24 hours at room temperature 
t Total NHiOH after hydrolysis with sulfamhc acid 
t Bound NHiOH corrected for free NHjOH found 
§ 1 10 dilution 

for the analysis of free hydroxylamme When a preparation of acetoume 
(Eastman Kodak Company) was dissolved, 22 per cent of the calculated y ■'O 
ylamme was found by the Blom-Endres method, after hydrolysis with su an 
acid, an additional 70 per cent was obtained If, however, the lodme-ace a 
method of hydrolysis was used, an mcrease of only 4 5 per cent was o 
The recovery by t his method was less satisfactory with the oxime o « 
glutaric acid, as can be seen by the data m table 1 Endres state t 
method estimates only one-sixth of the mtrogen m oximes, but he appar 
beheves it is nevertheless reliable as he uses data obtamed with it 
tive conclusions Our expenence suggests that, although under care u 
ardized conditions recovenes greater than 16 per cent are possib e an r 
less erratic than those m table 1 can be obtamed, the method is at es 

semiquantitative nsatur 

In general, estimation of oxime nitrogen by the Kjeldahl method is u ' 
factory, the oximes of pyruvic, oxalacetic, and a-ketoglutanc acids are n 
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ceptions, as in table 2 In an attempt to reduce losses from the presence 

of free hydroxylamine, three equivalents of the keto acids were used Although 
this reduced the free hydroxylamme to 1 per cent or less of the total mtrogen, 
recoveries with pyruvic and oxalacetic acids were still low In cultures, however, 
the recovery with these appeared to be higher, 75 to 85 per cent Although the 
microkjeldahl method used (Wilson and Knight, 1947) is unsatisfactoiy for exact 
results, it appeared to be superior to Endres’ method and was therefore used as 
a roughly quantitative measure of oxime 

TABLE 2 


Recovery of oxime-N by mtcroLjeldahl method 


OXDCE 07 

ORIGINAL N 

dhution 

N roiTSD 

SLCOVLSY 

tteeNHtOH 


pe/tnl 


pr/ml 

per uni 

per uni 

a-Ketoglutaric acid 

2,000 

1 125 

17 75 

104 7 

0 24 



1 100 

20 0 

100 0 

0 28 



1 125 

15 5 

96 7 

0 28 


750 

1 25 

27 5 

91 7 

0 43 




28 0 

93 3 

0 38 


500 

1 50 

10 0 

100 0 

0 17 



1 31 25 

15 5 

96 8 

0 36 



1 55 5 

7 5 

83 3 

0 10 

Oxalacetic acid 

750 

1 25 

21 5 

74 1 

0 43 


500 

1 62 5 

5 0 

62 5 

0 04 




5 5 

68 8 

0 23 




4 0 

50 0 

0 01 




5 0 

62 5 

0 07 

Pyruvic acid 

750 

1 25 

17 0 

56 6 

0 46 




16 5 

55 8 

0 39 


500 

1 50 

3 5 

35 0 

1 10 



1 3125 

6 5 

40 6 

0 50 


3 X keto acid equivalent added to NHiOH HCl brought to neutrality 


Preparaiton of the oximes Because of the toxicity of free hydroxylamme for 
Azotobacter it is essential that the dissociation of the oxime be minimized As 
can be seen m table 1 this can be done by addmg excess keto acid, for example 
two to three equivalents of the hydroxylamme to be neutralized A neutral 
reaction also favors the formation of oxime The calcium salt of a-ketoglutanc 
acid- was decomposed with sodium carbonate smce the usual procedure of pre- 

’ We thank the Fermentation Division, North Regional Research Laboratory, USDA, 
Peoria, Illinois, for generously supplying us with samples of both crude calcium ketoglu- 
tarate and pure a-ketoglutanc acid 
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cipitating the calcium with oxahc acid resulted m a toxic preparation 0\al 
acetic acid was prepared by the method of Krampitz and Werkman (1941), 
both pyruvic acid and sodium pyruvate (Eastman Kodak Company) were used 
for makmg the oxime of pyruvic acid 
Bacteriological methods The medium was Burk’s nitrogen-free salts plus 2 
per cent sucrose (Wilson and Kmght, 1947) Azotdbacter vinelandn, strain 
Original, was cultured in this medium by transfer every 4 days The puntj of 
culture was checked by microscopic exammation (gram stam) and by inoculation 
of beef extract peptone medium, m which Azotdbacter grows slowly and contami 
nants are accordmgly favored 


EXPERIMENTAL PROCEDURES 

To determme the toxicity of hydroxylamme, 1 ml of solution containing 20 
to 200 imcrograms was added to 20 ml of the mtrogen-free medium, four bottles 
of each concentration were prepared, two of which were moculated with a loop 
of a 24-hr culture of Azotdbacter vinelandn 

In the media cont ainin g hydroxylamme, no growth was evident for 48 to 72 
hours after which the growth apparently was normal Quantitative estimation 
of hydroxylamme m the unmoculated controls demonstrated that this compound 
disappeared rapidly, so that by 24 hours the concentration was less than 1 jig 
per ml, even m those ongmally contammg as much as 10 pg per ml Apparently, 
growth was delayed until the concentration of hydroxylamme was definitely 
less than 1 pg per ml, a figure in agreement with Burk’s rough estimate of 0 to 3 
mg per L (Burk and Homer, 1935) Hydroxylamme disappeared from the 
medium when it was sterilized by filtration through a Seitz as well as m the 
autoclave When kept m a refrigerator, the disappearance was slower but not 
prevented The mstabihty of hydroxylamme m the medium prevented critic 
test by our techmque of its utilization by Azotobacter m a nontoxic concentration 
(less than 1 ng per ml) From experiments with the more sensitive micro- 
respiration method, Burk and Horner (1935) concluded that it is not metabohz 

In the trials with oximes, an excess of the keto acid was always used to re uce 
the free hydroxylamme below a toxic concentration An experiment ^ 

oximes consisted of the foUowmg duphcate bottles (20-ml) moculated wit 
ml of a 24-hr culture of Azotobacter vinelandn 
I Atmosphere of 80 per cent hydrogen and 20 per cent oxygen 

1 Experimental plus 0 2, 0 5, 1 0, or 2 0 mg per 20 ml of oxime-N ^ 

2 Inorgamc-N control plus same concentrations of combmed mtrogen 

ammomum mtrate or sulfate 

3 Control on atmosphere no source of combmed mtrogen ^ 

4 Control on toxicity of oxime plus 2 0 mg o\ime-N and 2 mg inorgani 

per 20 ml 
II Air controls 

1 Control on fixation of mtrogen no sources of combmed N 

2 Inorgamc-N control plus 2 mg inorganic N per 20 ml 

In each of two desiccators a bottle of each duplicate of the hydrogen ox o 
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senes was placed The desiccatois were evacuated to about 10 mches of mer- 
cury, and filled with hydrogen, this was repeated 5 tunes, then filled with an 
atmosphere of 80 per cent hydrogen and 20 per cent oxygen A manometer was 
attached and a slight vacuum was draivn to check for leaks durmg the experi- 

TABLE 3 


Growth of Azoiobacler vtnelandtt on oxime of oxalaceiic acid 


N FES BOTXLS 

(20 ul) 

ATMOSPHERE 

OXIME SERIES* 

NHiNOl SERIES 

FreeNHiOH | 

Total Nt 

1 Turbidity 1 

1 N in cells 

Experiment I 

mxCTOirams 


Pt/ml 

murotram 



0 

H, 0, 










— 

200 


0 00 

— 


150 



0 00 

— 


122 

500 



— 


345 



BEH 

— 

54 5 

328 

1,000 



910 

28 0 

650 



0 00 

950 

28 0 

675 

2,000 


0 08 

1,675 

12 0 

1,450 



0 10 

1,700 

10 5 

1,375 

4,000t 




18 0 

813 





11 5 

1,287 

2,000 

Air 



3 0 

3,875 





3 0 

3,925 

o§ 




4 0 

2,875 





4 5 

3,250 


Experiment II 


0 

H,-0. 



100 0 

— — 

200 


0 00 

— 

74 0 

128 

500 


0 15 

— 

46 2 

325 



0 19 

912 

23 2 

700 



0 29 

1,712 

10 5 

1,625 





20 5 

963 


Air 



4 2 

3,375 

0§ 




3 8 

3,488 


* Turbidity in cultures of oxime series same as 0 control, readings measure light trans- 
mitted 

t Recovery at end of the experiment 

t 2,000 pg NHiNOj-N plus 2,000 pg oxime N — toxicity control 
§ Fixation control 

ment Cultures were mcubated for 60 hours at 30 C together with the air con- 
trols, at harvest, the turbidity was estimated m a Coleman photoelectric colorim- 
eter (530 m/x), aftei which the cells were removed by centrifugation Cellular 
mtrogen and free hydroxylanune were determmed, oxime-N ivas also estimated 
m the two highest concentrations used 
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RESULTS AND DISCUSSION 

Details of two experiments with the oxime of oxalacetic acid are given in table 
3, the data of each sample are supplied for expeiiment I, the mean of the dupli- 
cates for experiment II Similar results with the oximes of a-ketoglutaric acid 
and P 3 TUV 1 C acid are summarixed m table 4 In the hydrogen-oxygen senes 
there was no evidence of giowth on oxime-N, growth m the morganic-N controls 
when measured by either tmbidity or cellular mtrogen was proportional to the 
quantity of mtrogen supplied The lack of growth m the media containing o\- 
une-N arises from mability to use this type of combmed nitrogen rather than 
from toxicity of the free or bound hydroxylamme since (a) estimation of free 


TABLE 4 


Test of growth of Azotobacter vinelandtt on oximes of a-Letoglutaric and pyruvic acid 


NITEOGEN PEE 
BOTTLE (20 ICL) 

a KETOOLDTAEIC ACID* 

PYBUVIC ACID* 

Free NHiOH 
in ozimc 

(NHOaSOi control 

Free NH*OH 
m oxime 

NHiNOi control 

Turhidi^ 

N in cells 

Turbidi^ 

Nm cells 

mtcrograms 

liS/ml 


mtcrosrams 

lit/mt 



0 

mgm 

100 0 

— 

— 

100 0 

— 

200 


81 2 

125 

0 20 

66 1 

125 

500 


59 2 

312 

0 38 

38 0 

294 

1,000 

0 98 

37 5 

694 

0 70 

19 2 

644 

2,000 

1 19 

22 5 

875 

1 20 

9 8 

1,388 

4,000t 


24 2 

924 


10 7 


2,000}: 


21 0 

775 


3 2 


o§ 


3 2 

3,350 


3 7 



Recovery of oxime-N was 80 to 85 per cent in a-ketoglutaric senes, 70 to 75 per cent m 


pyruvic acid senes 

* No turbidity in oxime series in Hi-Oj 
1 2,000 pg inorgamc mtrogen plus 2,000 pg oxime nitrogen 

t Inorganic nitrogen control in air j 

§ Fixation control grown in air, all others grown in 80 per cent hydrogen, 20 per o 
oxygen mixture 

hydroxylamme mdicated nontoxic levels, (b) growth on inorganic-N was only 
slightly depressed if the highest concentration of oxime-N used was also supp le > 
and (c) on transfei to air the cultures fixed mtrogen m the presence of the oxime 

(table 5) . i. 

Other points of mterest brought out by the data in tables 3, 4, and 5, me u 

(a) recovery of oxime-N was complete xvithm the large experimenta er^^, 

(b) the highest concentration of oxime-N (100 pg per ml) was shg t y o 

probably because of free hydrox 3 damine, as is evident by the somew at sm 
uptake of morgamc mtrogen m its presence, (c) the hmitmg factor for grow 
NHiISrOj m hydrogen-oxygen is the supply of assimilable N, as is shown v 
supenor growth m air m w'hich fixation can take place as soon as the ^ 

nitrogen has disappeared, (d) if ammomum sulfate is the source o inorj. 
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nitrogen, lowering of the pH by the residual sulfate radical is the limiting factor 
for growth, and (e) the lack of quantitative recovery of inorganic mtrogen m the 
cells of the hydrogen-oxygen series and the apparent more than quantitative 
recovery of added oxime-N when cultures were transferred to the air (table 5) 
probably is caused by the soluble nitrogen liberated from the bactena 
The results in the tables are typical of many replicate experiments completed 
five were made with the oxime of a-ketoglutaric acid using both crude and pure 
samples of the keto acid, three were made with the oxime of oxalacetic acid, and 
two were made with the oxime of p 3 rruvic acid In a hydrogen-oxygen atmos- 
phere, Azotobacter failed to grow on oxime-N m any of the 10 trials 

TABLE 5 


Fixation of molecular nitrogen by Azotobacter vinelandit in presence of oximes 


nrmg N PER BOTTLE 

(20 ul) 

a EETOCLUTASIC ACID SEBZES 

OXALACETIC ACID SERIES 

N IB cells 

N m medium 

1 N m cells 

N m medium 


microirams 

mtcrotrams 

muTOgrams 

tntcrograms 

200 


550 

1,650 

— 



400 

2,450 

656 

600 

375 

612 

1,550 

687 


1,200 

— 

2,425 

459 

1,000 i 

2,525 

1,325 

1,375 

1,200 

1,200 



— 

1,300 

3,000 

2,000 

1,625 

1,575 

2,250 

1,000 

2,000 

1,000 

2,250 


Cultures incubated for 60 hours in Hi-Oi mixture, no visible turbidity, then transferred 
to air for 72 hours 


We have repeatedly emphasized that one property of a proposed intermediate 
IS that it should immediately and completely supplant fixation (Wilson and Bur- 
ns, 1947), a pomt of view analogous to the recent proposal of Stamer (1947) for 
the test of proposed mtermediates We have demonstrated that of the vanous 
sources of inorgamc and organic mtrogen used by Azotobacter, ammonia (and 
urea) alone possesses these two properties Except for ammonia (urea), even 
when a compound does compete with the mtrogen-fixmg reaction, a peiiod of 
adaptation is required if the orgamsm has been previously cultured on free Nj 
(Lmd and Wilson, 1942, Wilson, Hull, and Burns, 1943, Burris and Wilson, 
1946) This criterion of “sunultaneous adaptation,” as Stamer calls it, cannot 
be applied to the likely mtermediates of the “oxime” hypothesis because they fail 
to meet the even more necessaiy test of utilization The possibfiity remains, 
of course, that difficulties of permeabihty account for this, but until positive 
evidence m support of this view is provided, rejection of the hydroxylamme and 
the accompanymg oxune h 3 q)otheses appears logical 
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SUMJIARY 

In spite of unsatisfactory methods for the estimation of combined hydroxj la 
mine, quantitative experiments on the utilization of both free and combined 
foims of this source of mtrogen can be made 

Free hydioxylamme disappears rapidly from sterile Burk’s N-free medium 
The compound is e'xtremely toxic to Azotohacter, and its utilization m non 
toxic concentrations (less than 1 pg per ml) is doubtful 
A senes of carefully controlled trials demonstrated that the mtrogen in the 
oximes of pyruvic, oxalacetic, and a-ketoglutaric acids is not available to A:olo- 
bacter vtnelandii This lack of utilization prevents the use of the specific critical 
tests that prev lously established ammoma as an mtermediate m nitrogen fixa- 
tion by this organism 

Until utdization of oxime-N is demonstrated so that the critical test can be 
applied, the hydroxylamme and oxime h 3 ipotheses should be rejected 
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The present work is a continuation of our studies of the changes induced by 
penicilhn and certain other diffusible substances in susceptible test organisms 
Proper apphcation of suitable staining techniques to assay plates clearly demon- 
strates inhi bition zones around “pemcyhnders” contammg bacteriostatic con- 
centrations of pemciUm withm 2 to 3 hours after the antibiotic has begun to 
diffuse through a test plate, although no measurable zones are evident on un- 
treated plates until several houis later Among the reagents that have been 
useful for revealing zones of inhibited bacterial activity are appropriate redox 
mdicators, notable among which is triphenyl-tetrazohum chloride,^ and certain 
dyes that have been recommended for the detection of nucleic acid A summary 
correlatmg our work vuth other pubhshed pertment observations bearing on the 
mechanism of pemcilhn action is now in press (Pratt and Dufrenoy, 1948) 

The purpose of the present paper is to report sumlar experiments with reagents 
that can be used to discrimmate between ribonucleic and desoxyribonucleic acid 
derivatives Ribonucleic acid derivatives, which largely constitute the “baso- 
philic” material in bacteria (Sarciron, Vendrely, and Briand, 1945, Vendrely and 
Lipardy, 1946), preferentially adsorb pyronme from the Pappenheim mixture 
and are specifically amenable to enzymatic digestion by ribonuclease They 
may be considered to represent the bulk of the “cytoplasmic” part of the test 
organisms in contrast with the “nuclear” desoxyribose nucleic derivatives (Sar- 
ciron, Vendrely, and Biiand, 1945, Henry, Stacey, and Teece, 1945, Vendrely and 
Lipardy, 1946, Stacey, 1947, Boivm, Vendrely, and Tulasne, 1947) The latter 
preferentially adsorb methyl green from the Pappenheim mixture and are resist- 
ant to the action of ribonuclease The ribo- and desoxyribonucleic acid deriva- 
tives may be differentiated also by their response to the Feulgen stam However, 
we have found for bacteria as Carr (1945) concluded from his studies of tissues 
that “for the demonstration of these adsorption differences the use of acidified 
fuchsme is more convenient than the comphcations of the Feulgen reaction 
usmg the decolorized fuchsme Ribose nucleic acid derivatives contribute to 

1 Tins work was supported m part by a generous research grant from the Cutter Labora- 
tories, Berkeley, California 

* With the very capable and gracious laboratory assistance of Virgima Lamb 

* We are indebted to Dr F R Benson and to Dr C O Jensen for kindly furnishing sam- 
ples of triphenyl-tetrazohum chloride 

* The comparative merits of the two methods have been discussed by Stowell (1946) 
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the “basophily” of the test organisms, since they adsorb dyes such as methylene 
blue or basic fuchsm more strongly as the pH is raised m the range from 3 to 7 
(Dempsey and Smger, 1946) 


EXPERIMENTS ■IND RESULTS 


The procedures used in the present experiments were essentially as prenously 
described (Dufrenoy and Pratt, 1947a,5, Pratt and Dufrenoy, 1947a, &,c) The 
work reported here is from assay plates seeded and premcubated for 2 to 3 hours 
m order to permit the oigamsms to reach the logarithmic phase of growth 
Then the plates were “cylmdered” and penicilhn or any other agent under teat 
was permitted to diffuse during a second incubation period of 3 hours in the case 
of Staphylococcus auieus, or 2 hours m the case of Bacillus subtihs or Proteus 
vulgans After the second incubation period the latent images of the inhibition 


zones were revealed by carefully flooding the plates with appropriate solutions 
Patterns revealed by reagents intended to discnmmate between ribo- and de 
soxyribonucleic acid derivatives matched those revealed by the redox indicators 
discussed in previous papers or by solutions of tnphenyl-tetrazohum chloride 
Test organisms exposed to penicillin alone When pemcillm assay plates are 
flooded for a few seconds with the Pappenheim mixture of methyl green and 
pyromne, then are rinsed with distilled water, differentiated with alcohol, and 
rinsed with methylal, the inhibition zones appear as blue green throughout, ex- 


cept for a narrow colorless rim that outhnes each zone The circumjacent nng 
of enhanced growth is clearly contrasted by its purple-red color against the in- 
hibition zone on one side and the uninhibited background on the other side The 
pattern obtamed results from two phenomena, namely, differential adsorption 
and oxidation reduction The oxidation reduction has been discussed previously, 
and the present technique confirms our published results to the effect that outsi e 
the zone of inhibition the test organisms rapidly reduce appropriate dyes to t e 
leuco bases, whereas they lose that reducing property under the influence o 
pemcillm or other bactenostatic agents The differential adsorption, whic e 
Pappenheim mixture demonstrates by virtue of the preferential red staining o 
ribonucleic acid derivatives by pyromne, and blue-green staming of desoxyr^ 
nucleic acid derivatives by methyl green, results m red coloration m the 
enhanced growth, which is crowded with actively growing test organisms 


are nch m “basophihc” substances 

Test organisms exposed to ribonuclease Accordmg to Brachet (1941), pyi'O^ 
stams specifically the pentosenucleic acid derivatives (the so-called asop 
materials) He reported that ribonuclease digests these compounds 
stnps off the pyTonme-stammg cellular constituents This can be vcn i 
assay plates Plates were prepared and premcubated in the usual way 
solutions of pemcdlm or of ribonuclease or of pemcdhn plus ribonuc ease 
placed m the cyhnders, and the plates xvere remeubated ^ 

Solutions of ribonuclease alone m all concentrations used (1 to 50 Po P 
produeed zones which could be revealed after 3 hours by the Prussian !^ , g - 
mque (0 5 per cent aqueous solution of potassium ferricyamde folloi< 
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per cent aqueous solution of ferric sulfate) or other appropriate techniques pre- 
viously reported for “developing” penicillin assay plates Treatment of plates 
exposed to ribonuclease solution with Pappenheun’s stam revealed blue-green 
mhibition zones outlmed by reddish rmgs This confirms for microorganisms 
the conclusion reached by Brachet (1941) on tissues, that ribonuclease strips 
away the ribonucleic acid compounds, leaving behmd the desoxyribonucleic 
residues, which stam ivith methyl green 

Simdar results were obsen^ed when cobra venom was substituted for ribonu- 
clease in the cylmders This result was not unexpected, smce cobra venom has 
been shown recently to be capable of hydrolyzmg a solution of pentose complexes 
(Pallares, Orozco, and Carvallo, 1947) 

Test organisms ex-posed to cobra venom Our mterest m comparmg the effects 
of cobra venom with those of penicillm was awakened by the reports of Rousseau 
and Pascal (1938a,6) that cells of streptococci exposed to constituents of cobra or 
viper venoms undergo sivellmg, and ultimately lysis, and that m such cells the 
basophiho materials (i e , pentose- or ribonucleic acid derivatives) are stripped 
from the cells m 3 hours, leaving behmd the “lyso-resistant nuclei,” i e , the 
desoxyribonucleic acid derivatives Our interest was stimulated further by then 
mterpretmg their observations m terms of a shift of the equihbrium between 
S — S and — SH groups Theu mterpretation was soon confirmed by other workers 
who found that cobra venom mediates a shift of the eqmhbnum of S — S and — SH 
groups (Bmet, Weller, and Robillard, 1939) 

Cobra venom m normal salme (10 mouse umts per ml) and a mixture of cobra 
venom (5 mouse umts per ml) and pemcilhn (0 5 umts per ml) m phosphate 
buffer at pH 6 9 were permitted to diffuse for 3 hours from “penicyhnders” on 
premcubated plates of S aureus Then the plates were treated with the Prus- 
sian blue reagent, whereupon typical very famtly blmsh inhibition zones, each 
surrounded by an mtensely blue rmg of enhanced growth, appeared The 
average diameter of the zones produced by pemcilhn plus cobra venom was 17 
mm, the diameter of zones around cylmders contammg the venom alone was 12 
mm Pemcdlm alone (0 5 units per ml) produced zones that averaged 13 5 mm 

In all cases microscopical examination of the plates re\ ealed the same sequence 
of events that has been observed consistently with pemciUm In the inhibition 
zones, the origmal colomes, which had developed durmg the primary mcubation 
period, failed to mcrease durmg the secondary incubation, and the organisms lost 
the ability to reduce ferric to ferrocyamde, thus accountmg for the lack of pro- 
nounced stainmg m this area The margin of each zone was outhned by a nng 
of enhanced growth where the origmal colomes had enlarged markedly 

DISCUSSION 

It IS well knoivn that the response of test organisms to pemcdlm depends m 
large measure upon their physiological state, the organisms bemg most sus- 
ceptible to the bacteriostatic or lytic action when they are growmg most rapidly 
Thus to secure the most strikmg response on assay plates treated with the vari- 
ous reagents that we have used it is necessary to permit the organisms to reach 
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the logarithmic phase of growth, during which they develop intense dehydro 
genase activity before they fall under the influence of the antibiotic or lytic 
agents 

On assay plates that have been “preincubated” to permit the organisms to 
reach the period of logarithmic growth before application of the substance under 
test, solutions of pemcilhn above 0 5 units per ml concentration, of nbonucleasc 
above 1 per ml,® or of cobra venom above 10 mouse units per ml® diffusing from 
“pemcylmders,” produce in 2 to 3 hours of secondary incubation zones of m 
hibition which, though not directly evident, may be clearly revealed by gently 
flooding the plates with appropriate reagents such as were used by Goyan, 
Dufrenoy, Strait, and Pratt (1947), Dufienoy and Pratt (1947a, 6), and Pratt 
and Dufrenoy (1947a,6,c) On pemcillm assay plates so treated, log concentra 
tion of pemcillm is a hnear function of log diametei of inlnbition zone over the 
range of concentrations from 1 to 8 units per ml On conventional IG hour 
assay plates the zone correspondmg to a given umtage of pemcillm is larger, but 
there is a break m the log regression line, the relationship between log conccntra 
tion and log diameter no longer being linear over the entire range The recti 
hneai log-dosage log-response relation also holds for solutions of ribonuclease on 
“three-hour” assay plates over the range 1 to 50 Atg per ml, but the slope of the 
curve (0 028) is much less than for penicillin (0 11) As the time for diffusion of 
ribonuclease was lengthened to 16 hours, there was but little increase in the size 
of the inhi bition zone coiiespondmg to a given concentration of enzyme TliesO 
results were to be expected, smce Lormg, Carpenter, and Roll (1947) showed 
that, when yeast ribonucleic acid was hydrolyzed by ribonuclease, there was at 
first a rapid rate of hydrolysis for about 5 hours, which was followed by a slower, 
relatively constant rate that was not affected by further addition of enzy'me 
The remaming fraction was relatively resistant to hydrolysis 

It has been shown that cobia venom as it diffuses through seeded plates in 
duces cytochemical changes which can be mterpreted as evidence of hydro ysis 
of pentose complexes (ribonucleic as contrasted to the desoxyribonucleic aci s 
and that these changes aie similar to those produced by pemcillm or by ri o- 
nuclease in the test organisms In addition, it is known that cobra ' 
endowed with acylase activity (Bovet-Nitti, 1947) and that it interferes wu 
— SH groups on which dehydrogenase activity may depend 

The dehydrogenases involve ribonucleic acid m the basophdic materia 
mg red with pyronme) and active — SH groups, which we believe are 
for the Prussian blue reaction m our tests The specificity of the 
demonstrated by adaptmg to our work the technique of Genevois (19 )i '' 
calls for blockmg of the — SH group by treatment with 10 per cent 
tion of sodium bromacetate at pH 7 5 for 10 mmutes at 40 C Experimen^^ 
applymg spot tests to the margins of inhibition zones, we found that arc is^ ^ 
plates so treated failed to give a positive Prussian blue reaction, w 
treated areas gave the usual response in the rmg of enhanced grow i 
the zones 


‘ Lower concentrations were not studied except in combination with low concc 
of pemcillm 
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The involvement of dehydrogenases m the responses obtained on assay plates 
may be further demonstrated by the use of tnphenyl-tetrazohum chloride, which, 
according to Mattson, Jensen, and Dutcher (1947), is able “to act as an electron 
acceptor for many pyridme nucleotide dehydrogenases ” When an uncolored 
aqueous solution of tnphenyl-tetrazohum chloride (0 5 per cent) is gently flooded 
on the plates, the rmg of enhanced growth immediately becomes the site of 
reduction of the compound to the red, insoluble formazan ® 

SUMMARY 

I 

Agar plates seeded with Staphylococcus aureus, Bacillus subtihs, or Proteus 
vulgaris were incubated to permit the organisms to reach the logarithmic phase of 
grow th Durmg this primary mcubation period of two hours in the case of B 
subtihs and P vulgans, or three hours m the case of S aureus, the organisms de- 
veloped high dehydrogenase activity Then aqueous solutions of pemcillm, of 
ribonuclease, of cobra venom, or of mixtures of pemcillm wnth ribonuclease or 
cobra venom, were placed m “pemcylmdeis” on the plates and were permitted 
to diffuse through the agai foi two to three hours durmg a second period of m- 
cubation 

At the end of this tune, inhibition zones could be clearly revealed by floodmg 
the plates with appropriate reagents, although no such zones were evident on 
imtreated plates When Pappenheim’s stain, which may be used to discrimmate 
between ribo- and desoxyiibonucleic acid derivatives, was apphed to the plates, 
the inhibition zones were seen to be areas m which the organisms had been 
stripped of their basophflic (ribonucleic acid) constituents, while each zone was 
surrounded by a rmg in which the orgamsms exhibited marked basophilia 

Application of solutions of redox mdicators such as triphenyl-tetrazohum 
chloride, which may be used as sensitive tests for dehydrogenase activit}’^, re- 
vealed very low, if any, dehydrogenase activity within the zones of mhibition, 
but each zone was surrounded by a rmg of mtense reducing activity, which 
corresponded exactly wuth the mtensely basophihc aieas revealed by Pappen- 
heim’s stain The results were the same whether the diffusmg compound on 
the test plates w^as pemcillm, ribonuclease, or cobra venom The possible 
significance of these observations m elucidatmg the cytochemical mechanism of 
penicillin action is discussed 
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The media generally used for the cultivation of the gonococcus have certam 
disadvantages Most of them are unable to mamtam freshly isolated cultures 
m a viable state for more than a few days They may require mgredients likely 
to be variable in quahty (e g , meat infusion) or not readily available (e g , 
horse serum) Moreover, the mcorporation of such materials as ascitic fluid 
(Carpenter, 1945, Mahoney, Van Slyke, Cutler, and Blum, 1946) or serum 
(Peizer, 1942) in fermentation media requires special procedures for sterihzation 
or aseptic handhng that may be difficult to manage in the small laboratory 
The medium here described has none of these drawbacks It is composed of 
available and relati\ ely stable materials, can be sterilized m the autoclave, and 
supports contmued growth of freshly isolated gonococci if transferred at intervals 
of 10 days, or even longer for many of the strains tested In addition, it is a 
reliable base medium for the performance of fermentation tests Its chief 
constituent is pancreatic casern digest, which has been shown (Vera, 1944) to be 
useful m the identification of clostridia 

EXPERIMENTAL METHODS AND RESULTS 

Pancreatic digest of casein This was prepared by a plant-scale adaptation of 
the method of Leifson (1943) to meet the specifications set forth by the National 
Institute of Health m 1945 and now mcluded m the United States Pharmacopoeia 
XIII Of the quahfications specified, two characteristics were regarded as par- 
ticularly pertment in the present connection, namely, suitabihty for hydrogen 
sulfide production and freedom from fermentable carbohydrates In prehmi- 
naiy studies with broths made fiom such digests of casern, several t 3 q)ical strams 
of typhoid bacilli and Salmonella schollmuellen produced little or no blackenmg 
of lead acetate paper in 24 hours, and Salmonella 'paratyphi and Shigella para- 
dysentenae caused no darkening m 48 hours In contrast, all of the test organ- 
isms readily gave positive reactions for hydrogen sulfide when they were grown 
m broths contammg meat peptone or meat infusion The result of this biological 
test IS m harmony with the report of Block and Bollmg (1945) that casern is 
deficient m available sulfur compounds, especially C 3 ’^stme 

In respect to fermentable carbohydrate, tests ivith cultures of Escherichia, 
Aerohacter, Salmonella, Clostridium, and cocci showed no acid production m 48 
hours m casern digest broth, but showed defimte acid production m broths con- 
tammg meat infusion or meat peptone 

The use of cystme to supplement the digest of casern, as suggested by Boor 
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(1942), improved the properties of the substrate as a culture medium, but the 
results were not uniform It was found, however, that the addition of both 
cystme and sodium sulfite provided the necessary conditions for good groiith of 
freshly isolated as well as stock cultures of gonococci and other bacteria 
Supplemented casein digest agar The basic semisohd medium used m the 
mvestigation had the foUowmg composition m grams per hter of distilled water 


Pancreatic digest of casern 

200 

Cystme 

05 

Sodium sulfite 

05 

Sodium chloride 

50 

Agar 

35 

Phenol red 

0 017 


AU chemicals were cp grade and the agar was of the highest bacteriologically 
tested quahty The medium was prepared with and without added carbohy 
drate (0 5 per cent oi, raiely, 1 0 per cent) and, after adjustment for a final pH of 
7 3, was tubed and autoclaved at 116 to 118 C for 15 mmutes The sterile tubes 
were stored at room temperature, and used as needed 

Inocula of organisms suspected of bemg gonococci or menmgocoeci were 
spread over the surface of the medium, other inoculations were made by stab 
bmg Cultures of Neisseria and of Brucella abortus w'ere incubated in candle 
jars to supply an atmosphere ennched with carbon dioxide, unless otherwise 
stated 

The culture tubes were plugged with cotton Although it was considered un 
desirable to disregard precautions agamst desiccation of the media, sterile or 
moculated, it was not feasible under the expeiunental conditions to stopper the 
tubes as recommended by Carpenter and Shepard Nevertheless, the results 


obtamed clearly mdicate the practical utihty of the medium 

Fermentation studies with Neisseria spp Thirty-five strams of gonococci 
were transferred from chocolate agar slants, which were pnmaiy subcultures 
from diagnostic plates, to the basic medium and to the basic medium with gluco-c 
or maltose added All of the cultures m the glucose medium dev eloped an aci 
reaction withm 24 hours The plam and maltose cultures show'ed an al lo^^ 
change of the mdicator at that time This alkalme shift has been found to 


characteristic of all strams thus far examined 

Transfers w ere made directly from 172 colonies on chocolate agar diagno- ^ 
plates^ mto maltose medium, 16 to 20 hours later, growth and alkalinity 
visible m 150 tubes, and withm 48 hours an additional 17 strains ha 
Durmg the course of the experiments an occasional transfer faded to 
cultures were obtamed from all plates having oxidase-positive colonies o gr 


negative cocci Glucose was fermented by aU of the strams 

A series of 58 colomes from diagnostic plates was transferred into t ^ 
digest medium with and without cystme and sulfite AU of the strains gr 

Cit ll^-***^ 

1 The plates were obtained from the Bureau of Laboratories of the Baltimore i 
Department, through the courtesy of T C Buck, Jr , Assistant Director 
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the presence of the sulfur compounds, but only 20 developed m their absence 
Of 30 stock cultuies also studied, 12 weie able to grow in the absence of the sulfur 
compounds 

Twenty-eight strams of meningococci produced t 3 T)ical fermentation reactions 
m 16 to 24 hours m the supplemented casein digest medium in the presence of 
added caibohydrates When tested in the medium without cystine and sulfite, 
the COCCI grew, though more slowly, thereby dela 3 ang the appearance of a color 
change of the phenol led 

Maintenance of Neissena In the absence of fermentable carbohydrate the 
gonococci remain viable for prolonged periods m this medium By transfer 
at 10- to 14-day mtervals, 251 stiams have been mamtamed for at least 3 
months, and some of them for over 3 years, 155 of the group were stored at 37 C, 
and the lemamder were held at room temperature Young cultures of gonococci 
from all strams, mcludmg those mamtamed as long as 3 years on this medium, 
showed the cellular morphology typical of the species 

Transplants from a limited number of cultures made even 3, 4, or 5 weeks 
after moculation usually grew out, although after such long storage the origmal 
cultures had darkened and dried considerably The poorest results were ob- 
tamed from a series of 58 strams held for a month, at the end of which time 
only 46 (79 per cent) gave positive subcultures 
Transfers made from cultures m the glucose medium after mcubation for 2 
days frequently failed to grow However, some gonococei may survive longer 
in the fermented medium, because 25 of 58 yielded subcultures after 4 weeks of 
mcubation and 2 of another group of 14 stiains were still viable after 5 weeks 
The 28 strains of memngococci were grown and stored at 37 C They were 
mamtamed mthout difficulty by subculturmg at 3- or 4-week mtervals 

Cultivation of other organisms In addition to Neissena cultures, 10 freshly 
isolated strams of Brucella, 10 of Corynebaclenum diphthenae, and numerous 
streptococci gave conventional fermentation reactions m the medium contam- 
mg appropriate carbohydrates The brucellae and one pneumococcus stram 
required 2 days of mcubation, and the other organisms grew in 1 day In the 
absence of the sulfur compounds, the diphtheria bacilli required 8 to 24 hours 
longer to develop defimte reactions In the medium without fermentable car- 
bohydrate, 4 strams of pneumococci, 2 beta streptococci, 9 B abortus, 1 Brucella 
sms, and 10 cultures of diphtheria bacilli have been mamtamed at room tempera- 
ture for more than 2 years by monthly transfers 

Carbon dioxide requirement There was no significant difference apparent m 
cultures grown at the same tune upon the casern digest medium with and without 
reinforcement of the atmosphere with carbon dioxide However, all of the cul- 
tures so tested, which mcluded many gonococci, and aU of the menmgococcus and 
brucella strains previously mentioned, had been transferred at least twice after 
isolation An experiment was therefore performed to determme whether freshly 
isolated gonococci would grow m the supplemented casern digest medium without 
addition of carbon dioxide to the atmosphere Eighty-five colomes from diagnos- 
tic plates were moculated mto the maltose medium, transfers were then made 
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into glucose medium, and both sets of tubes were mcubated in an ordinal^ incu 
bator The cultures grew out promptly and characteristic alkaline or acid rcac 
tions were visible m 18 hours This evidence, which mdicates that freshly 
isolated gonococci grown m this medium do not require special provision for ex 
traneous carbon dioxide, is m direct contrast to results obtained with other 
media Chocolate agar plate cultures made in duphcate xvith numerous strains 
of gonococci (mcludmg 20 of the same senes) and incubated simultaneously 
showed httle or no groxvth m 18 hours and rarely had good groxvth after mcuba 
tion for 48 hours when no provision was made for reinforcement of the atmosphere 
xvith carbon dioxide, control plates, on the other hand, which xvere mcubated in 
candle j ars, regularly showed fair to good gr oxxdh after 18 hours and always had ty p 
ical colomes after 48 hours of mcubation Similarly, broth cultures repeatedly 
failed to develop when tubes were mcubated m air, but showed defimte turbidity 
when kept m candle jars for 18 to 48 hours 


DISCUSSION 


Pancreatic digest of casern in a medium contaimng both cystme and sodium 
sulfite has been foimd capable of supportmg the growth of 267 strams of freshly 
isolated gonococci This medium, on omission of the sulfur compounds, failed 
to support the growth of an appreciable proportion (60 to 65 per cent) of the 
strains tested The findmgs mdicate the importance of the sulfur compounds os 
components of the proposed medium, which otherwise is characterized by a low 
sulfur and cystme content These observations are m general agreement not 
only With those of Boor but also with the results reported by Welton, Stokmger, 
and Carpenter (1944), who found cystme necessary for the growth of stock strains 
in a defined medium, by Lankford (1944), who mcorporated cystine in 
media to mcrease colony size, and by Landy and Gerstung (1945), who emp oy 
a casern (acid?) hydrolysate for studymg sulfonamide resistance The apparen 
discrepancy of the present results with the evidence of cystme inhibition ° ^ 
tarn glutathione-requirmg stock strams of gonococci, obtained by Gould ( 
and by Gould, Kane, and Mueller (1944), may perhaps be explained by the a wa 
tion of metabohsm noted during their mvestigations, or may be, at least m pin^ 
due to a presumably higher cystine content, especially when a meat infusion 
xvas employed Inhibitory action toxxmrd gonococci by large amounts o ’ 
(about 0 09 per cent) was described by McLeod, Wheatley, and 
and they also noted possible stimulation of groxvth on meat-extract, o o 
medium xvhen lower percentages of the ammo acid were used . 

The mamtenance of gonococci was readily accomplished m the supp _ 
casein digest medium, especially m the absence of fermentable cw lo J 
Although no attempt was made to establish the exact duration o 
large numbers of strams m this medium, all of 251 cultures could be 
defimtely when transferred at mtervals of 10 to 14 days, the majority e 
strains remamed viable for several weeks without retransier i nccjur' 
fermentable carbohy drate and consequent acid formation only m ^ 

for the prolonged viabihty of the gonococcus cultures m this medium, ■ 
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though many 2-day cultures did not yield subcultures, a surprismg number sur- 
vived storage for some weeks Whatever the factors may be that favor survival 
or longevity of cultures, it seems clear that freshly isolated gram-negative cocci 
do not have an inherent tendency to grow and die quickly, and that the viability 
of a given population may be considerably lengthened under suitable environ- 
mental conditions 

Pancreatic digest of casein as a basic nutrient material has several practical 
advantages A medium suitable for cultivation of gonococci can be prepared 
very simply, without the addition of tissue fluids Its freedom from thermolabile 
components makes it possible to stenhze the whole medium by autoclavmg It 
does not require the addition of tryptophane and vitamms, as is the case when 
the casern has been hydrolyzed with acid, because these substances are retained 
durmg enzymatic hydiolysis of the protem Its freedom from fermentable car- 
bohydrates permits its use as a base m the performance of fermentation tests 
Although tested mamly with gonococci, the supplemented casern digest me- 
dium consistently displayed the same desirable characteristics, when used m 
comparative studies with a limited number of other bacteria 

SUMMARY 

A simple autoclaved semisolid medium contammg pancreatic digest of casern, 
cystme, and sodium sulfite provided a suitable substrate for the cultivation of 
freshly isolated gonococci For the development of cultures m this medium, in- 
cubation m an atmosphere reinforced with carbon dioxide was not obhgatory 
Gram-negative and gram-positive cocci, brucellae, and diphtheria bacilli could 
be mamtamed indefinitely by relatively infrequent transfers 

Accurate fermentation reactions with appropriate carbohydrates were obtamed 
promptly with freshly isolated strains of Neisseria and other orgamsms 
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In a previous papei, Shanahan, Eisenstark, and Tannei (1947) repoited elec- 
ti on microscope studies of Escherichia call cells exposed to penicillin Bi lef men- 
tion was made of light microscope studies in contiast with electron microscope 
results Further information gamed by light microscope studies as well as other 
pertment data is presented in the present paper 

MATERIALS AND METHODS 

Twenty-four strains of giam-negative rods consideied to be Eschenchia coli 
were used Strams 251, 252, 253, 254, and 257 were from the department culture 
collection Strams “0,” “R,” and “U” were landly supplied by Dr Altuie- 
VVerber of the Jewish Hospital, Brooklyn, New York Eight othei strains were 
obtained from various laboratories, and the remaming eight cultures were iso- 
lated by the senior author from fecal samples Stock cultures were routinely 
transferred on nutrient agar with frequent colony isolations made to ensure pure 
cultures 

As suggested by the work of Alture-Werbei et al (1945), MacConkey’s agar 
(Difco) was selected as the test medium Concentrations of penicillin^ are given 
m terms of final concentiation in the medium For exammation of morphologi- 
cal changes m cells, colonies were selected on MacConkey’s agar plates, which 
were incubated at 37 C Gram stains and certain othei staining procedures were 
used to determine the morphology after cells had grovm m pemcillm-contammg 
media Slide cultures for the examination of hving cells were made as follows 
About 0 1 ml of MacConkey’s agar containing a desired concentration of penicil- 
lin was pipetted aseptically onto a steiile glass slide A small drop of the test 
organism, usually diluted 1 100 with sterile saline or broth, was placed on the 
hardened agar A sterile cover slip was quicldy placed over the inoculum and 
agar Melted paraffin was run around the edges of the cover slip wuth a wooden 
applicator to ensui e a firm seal Culture slides were placed in stei ile peti i dishes 
and incubated m a moist chamber at 37 C Slides were removed for exammation 
at intervals, all examinations being made with oil immersion lens 

Dienes (1942) noted that laige round bodies developing in bacterial cultures 
were fragile, and he did not recommend direct microscopical examination of un- 
stained cultuies In the present work it was found lelatively simple to tease off 

^ Present address Department of Bacteriology, University of Kansas, Lawrence, 
Kansas 

^ Na-penicillin supplied by Schenley Laboratories, Lawrenceburg, Indiana 
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cover slips and tiansfei them to other shdes coated mth agar, after which the\ 
weie leincubated Fusiform structures did not appear to be injured in this 
process Single cell isolation was not attempted, but the tiansfer of co\ er slips 
beaimg fusifoims was substituted, smce smgle cells could be found m a single 
field if caie was taken m the piocess 

Aftei covei shps were teased fiom slide cultuies, they weie stained with dilute 
methylene blue oi by a modification of Giemsa’s staming proceduie In the latter 
case cells wei e hydrolyzed foi 5 to 10 minutes m n HCl at 55 C, followed by stain- 
mg overnight m dilute Giemsa stam Many specimens weie also stained with 
out hydiolysis Stained pieparations were pieserved b}’' mounting them in 
Canada balsam on glass slides 

Photomiciogiaphs iveie made of stained and unstained cultuies The latter 
weie photogiaphed dnectly through an oil immeision lens while the oiganisms 
weie being incubated on a wmim slide A Leitz-Wetzlai “makam” was used for 
all photographs presented 


EXPERIAIENTAL RESULTS 

The results wuth seveial stiams of Escherichia coli exposed to penicillin weie 
essentially m agieement wuth those reported by Gardner (1940), MtuieAVeiboi 
et al (1945), Thomas and Levine (1945), Fennel (1946), and otheis Sixteen 
stiams w eie tested seveial times foi grow'th m various concentiations of penicillin 
m nutrient broth Five of the 16 strains would not grow" in concentrations abo\ e 
10 units pel ml Twm of the 5 strams repeatedly show'ed pleomoiphism, includ- 
ing elongated sw ollen lods, filamentous cells, and fusiform stiuctuies The othei 
3 stiams occasionally w'eie pleomorphic and generally became elongated Flex en 
strains would gioxx m broth with 50 units per ml and 2 of the 11 would grow with 
100 units pei ml, but in no highei concentrations Pleomorphism was genei ill} 
evident in the 11 strams, but only m the presence of highei concentrations of 
penicillin Strain 257, for example, showed numerous fusiform cells with 100 
units per ml but only normal short rods with 5, 10, oi 25 units This merel} 
confirmed earlier exudence that pleomoiphism occurred more consistently at sub 
inhibitory concentrations of penicillin 

Repeated tiansfei of several stiams of Eschcnchia coh in broth with penicillin 
shoxxed an increase of resistance to thediugxxuth each passage Vs the lesistaiicc 
inci eased, pleomoiphism decreased in loxxei concentrations and appealed in ic 
higher concentrations of the next passage Gram stains made fiom tubes show- 
ing little or no turbidity due to high concentrations of penicillin often lexca c(^ 
the presence of pleomorphic foiTns Subcultures from tubes containing debris 
but no xusible cells usuaU} resulted in the gioxvth of noiinal organisms on nice 1 1 
not cont lining penicillin but no groxx th m agai x\ ith penicillin of the s imc con 
centiation as the original cultures Thomas and Lex me (1915) leported i hm 
of similai sediments with globulai masses that yielded norm il rods in broth su < 
cultures 

'sLxteen strams of Eschcnchia coh tested in broth cultures were cxposC< to 
carious concentrations of penicillin in MacConke} 's agar Plcomorphisin ' 
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o\ iileut 111 cill but one stiain, and, as in bioth, submhibitory concentiations of 
penicillin yielded gieatei numbeis of fusifoims and othei pleomoiphic types In 
genei il, the oiganisms giew in highei concentiations of penicillin in agai than 



Fig 1 No A, gram stain, approximately 3,000 X , no B, gram stain, 970 X , no C, cold 
carbol fuchsin stain, 970 X, no D, methylene blue stain, cover slip from slide culture, 
970 X 


they did in bioth In the 15 stiains that pioduced moiphological valiants, the 
types of cells found weie remaikably similai Among the foims, othei than 
noimal rods, weie elongated swollen lods, filamentous lods, filamentous rods 
with fusiform stiuctuies usually near the middle of the cell, terminal oi lateial 
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bulb structures, spindle forms, over-shaped cells, and occasionally a laige rouiul 
foim Figure 1, no A, shows a typical fusiform cell appearmg m stiam 252 with 
100 units per ml of penicillin Figure 1, no B, shows teiminal bulb foinis of 
strain A with 50 units per ml, both strains having been giown in JllacConke} ’s 
agar 

In no case did any culture contain only one form or type of pleomoiphic cel! 
High concentrations of pemcilhn would often eliminate normal rod cells, as deter 
mined microscopically, but a mixture of othei cells remained Subcultuies of 
pleomorphic cells to media without penicillin always gave only noimal oiganisnis 
Wahlin and Ahnaden (1939) found a correlation between R and S colonies and tlie 
appearance and disappearance of filamentous cells bearing fusifoim stmctuies 
They felt that the R type colony was a necessary piecuisoi for the appeal ance of 
“megalomoiphs ” No colony differentiation was noted in the present w ork e\ en 
when fusiform cells dominated in a colony It is felt, however, that filament for- 
mation does precede the appearance of fusiform structures in a cell 

Organisms from colonies on MacConkey’s agar containing penicillin weie 
always gram-negative regardless of their form Swollen fusifoim aieas usualK 
stained much darker than the remaining portion of the cells An unstained are i 


m the center of fusifoims was often visible after gram staining and ivas especi ilh 
veil brought out with carbol fuchsin Figure 1, no C, shows the appearance of 
penicillm-treated cells after they were stained with cold carbol fuchsin Thom is 
and Levine (1945) mentioned similar results with this stain Stains made of old 
cultures showed a thickening of the fusiform wall and often a demai cation be 
tween the fusiform structure and the rod portion of the cell Granulation of oldci 
cultuies was discussed previously (Shanahan, Eisenstark, and Tanner, 1917) 
Reed and On (1923) noted the influence of H ion concentiation upon the striic 
tuie of Hemophilus influenzae They observed that a variety of abnoimd cell 
foims, including fusiform structures, appeared with extremes of acidity and alk i 
linity of the medium In the present work it was found that a slight acid condi- 
tion favored the appearance of fusiforms m the presence of penicillin Further 
information on the effects of pH and fusiform cells vas obtained following the 
observance of alkaline reversion on MacConkey’s agar by 13 of 17 strains of 
Eschetichia coli Alkalme reversion was characterized in all cases by a chmgc 
fiom led to vhite colonies accompanied by a clearing of the medium It 


soon noted that vhite colonies no longer contained cells with fusiform structiircT 
Two strains studied in detail wmre consistent in producing fusifoim cells m the 
presence of penicillin in MacConkey’s agar IVhen red colonies of these str mis 
turned white following alkaline reversion, the abnormal forms were no longer 
found It appeared then that theie was a correlation between pH and the pre 
ence of fusiform cells, although these results are not m agreement with tho c ol 


Reed and Orr (1923) 

Twentx -three strains of Escherichia coh were examined in slide cultures pre^ 
pared bj the technique deseribed abo\e Fusiform cells appeared in dl -• 
strains when eultuied in the piesenee of \aiious concentr itioris of penicillin in 
klacConkej 's medium Since all strains responded in a similar in inner, a siini 



1948] 


MORPHOLOG\ OF ESCHERICHIA COLI 


541 


miiy of the giowth of fusifoim cells may be given Inci easing amounts of peni- 
cillin tended to eliminate noimal lods, leaving fusifoim type cells well isolated in 
oil immeision fields 

Slide cultuies of Ebclwichia coli lesponded to 50 units pei ml of peniciUin as 
follows Aftei 2 houis’ incubation at 37 C cells weie eithei of noimal length oi 
double noimal length as compaied with the contiol cells Elongated cells seemed 
to be moie slendei than contiol cells and often show^ed a tendency to cuil oi tw ist 
upon themselves at this time Cells not shownng elongation pioceeded to divide 
and foim miuocolomes in the same fashion as contiol cells Elongated cells, 
upon fuithei incubation, failed to divide and became thickened to some extent 
This was taken as a criteiion that fusifoim swelling wmuld occui Most of the 
stiams lequiied about 4 hours of incubation befoie fusifoim stiuctuies became 
generally evident A few" bulbous stiuctuies usually appeared betw^een the 
second and fouith hours 

Fust evidence of fusifoim swelling, following elongation, w"as the appearance 
of tw 0 dark areas, half -moon-shaped and appioximately m the middle of the cell 
The daik areas w’eie on opposite sides of the cell wall and indicated the spot w'heie 
sw"elhng ivould occui Effoits to obtain photogiaphs of cells showing these areas 
failed Direct swelling of the cell followed the appearance of these areas that 
might 01 might not lemain visible in the swollen fusifoim Young fusiform cells 
were homogeneous internally and became gianulated only as the cultures aged 

In the presence of 50 units per ml of penicillin, ciow'ding of the micioscope fields 
usually occuued With 100 oi even 150 units per ml, fields w"ith only fusifoim 
cells could be found leadily in most strains These cells showed little oi no tend- 
ency to foim microcolonies and W'eie thus well suited for observation Meth- 
ylene blue staining W'as satisfactory for demonstrating granules in the fusifoim 
body and often in the rod portion as well The stain was applied to cover slips 
teased from the agai cultures Giemsa stains w'eie not as satisfactory, but differ- 
entiation of the bulbous portion and rod poition of a cell w'as often obseiwed 
The fusiform portions varied from light pink to dark purple, wheieas lod poitions 
weie oidmaiily a uniform light blue Figure 1, no D, lepiesents a typical field 
of strain 252 w"ith 100 units pei ml of penicillin in MacConkey’s agar with cells 
stained by methylene blue Strain 251 with 150 units per ml of pemcillm is 
shoivn in figure 2, no A Note the streptobacilluslike appearance of the rod 
portions brought out by methylene blue stain 

Continued incubation of slide cultures wuth fusiform cells did not bring any 
noticeable change except the previously mentioned granulation and autotysis of 
some cells Cover slips teased from penicillin agai were tiansfened to both peni- 
cillin and nonpenicillin slide cultuies in an attempt to observe any possible fui- 
ther development of fusifoims In both cases the sw'ollen bulbous forms could 
be found immediately after ti ansf ei and for a shoi t time thei eaftei Over gi ow th 
of noimal rods oidmaiily obscured the fusifoims because of the fact that normal 
rods were ahvays present on the transfeired cover slip Even w ith 200 units pei 
ml of penicillin m the agai, normal organisms weie found in the liquid at the 
edges of the agar This was found to have one advantage in that motility of the 
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oigamsms could be readily deteimmed In all but a few cases cell motiliti w b 
evident n ith control cultuies and m cells beaiing fusifoim bodies The motilit} 



Fig 2 No V, methjlene blue stain, cover slip from slide culture, 970 /, iw It ‘ 

IS no t, no C, unstained, living cells, 970 X 

ot the I itter telK uaa rather peculiar in that progression was b^ i sliigi;'^** ^ 
ing motion of the entire cell The edge of in agar slide eulture ol strnn - ' 
shown in figure 2, no B Note the laige spindle foim near the upper nii' ' ' 
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plating of several stiams of Escherichia coli in lactose agai vith 
\ iiious concentiations of penicillin indicated that fusiform stiuctures did not 
appeal vith the same frequency as in MacConkey’s medium uith penicillin 
Lactose agai slide cultiues of stiains 252 and “0” levealed a type of cell not pie- 
\ lously encounteied Aftei 3 to 4 horns’ incubation, at 37 C many laige lound 
cells could be found, and, although they lesembled the fusifoim stiuctures in size 
and shape, i od poi tions seemed to be absent Such cells wei e photogi aphed i\ ith 
difficulty because of the claiity of the medium (figuie 2, no C) Eound cells 
weie often indistinct m In’mg cultuies, and stained piepaiations weie not satis- 
factoij’' These foims appeal to be similai to those lepoited by Kuhn (1924), 
Hussong (1933), Dienes (1939, 1942, 1946), and Stubblefield (1947) among 
otheis 


DISCUSSION AND STOnUBI 

Wahlin and Almaden (1939) piesented a list of those authois who, they con- 
sideied, had been dealing with tiue “megaloraoiphs” oi fusifoim cells To this 
list should be added the following Ohlmachei (1902), Peju and Rajat (1906), 
Wilson (1906), Scales (1921), Reed and On (1923), Stuait (1924), Tetrault 
(1930), Cunmngham (1931), Kritschewski and Ponomaieiia (1934), and Piiee 
etal (1947) Fusifoim stiuctuies in cultuies exposed to penicillin weieievieiied 
by us eailiei (1947) The list given above does not include papeis dealing uith 
fusifoim stiuctuies encountered in pleuropneumomahke oiganisms The simi- 
larity of bacteiial fusifoims and the oiganisms desciibed by Paikei and Hudson 
(1926), lOienebeigei (1934, 1935), Dienes (1939, 1942, 1946), and otheis seems 
quite evident 

Dienes (1946) held that fusiform cells produced undei toxic influences usually 
weie not viable Fusifoims occuiimg in cultuies under normal conditions ap- 
parently develop fuithei as showm by Dienes in numeious papeis In the present 
studies fusifoim cells were not obseived to undergo further development accord- 
ing to methods employed The medium as well as penicillin may have some 
effect on fusiform formation and viability 

Twenty-foul strains of Escherichia coli weie exposed to vauous concentrations 
of penicillin in nutrient broth, in MacConkey’s agai plates, and on slide cultuies 
All strains responded undei one condition oi another by showing formation of 
fusifoim cells On lactose agai slide cultuies, a somewffiat diffeient type of cell 
was noted m two strains exposed to penicillin The mechanism of fusifoim 
growth w as obseived undei oil immersion lens, and a description of the techniques 
employed is given Photographs aie piesented showing abnoimal foims of Es- 
chenchia coli encounteied wdien penicillin was incoi pointed m the medium 
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A tuibidunetiic method foi the assay of subtilm has lecently been lepoited 
by Letns el al (1947) In our laboratoiy a miciobiological method, based on 
the piinciples described by Vincent and Vmcent (1944) utihzmg filtei papei 
disks on agai plates, has seived as a satisfactory assay for subtilin The details 
of this method and the effect of various physical and chemical factors on the 
results obtained from it are described below 

PROCEDURE 

Medium and pi epai ation of plates The medium used m the assay is composed 
of Difco peptone 0 5 per cent, beef extract 0 2 per cent, yeast extract 0 3 pei 
cent, NaCl 2 pei cent, and agai 1 5 per cent These ingredients are dissolved 
in distilled water, and the pH is adjusted to 6 4 with HCl Aftei stenhzation at 
15 pounds’ pressure for 15 mmutes the medium is allowed to cool to 50 C, and 
20-ml amounts are distributed to petii plates A 20-ml syimge equipped vuth 
an automatic double valve (BD no 470V) has been found to be convenient for 
this operation After the agar solidifies, each plate is layered with 5 ml of the 
same agar seeded with the test oigamsm The plates are stored in therefiigei- 
atoi as soon as they solidify 

Inconsistent results are obtamed when plates are used that have been seeded 
for more than 4 days If assays are to be run over a longer period, a suffi- 
cient mimbei of plates contammg the mitial 20 ml of agai is prepared and the 
plates are then seeded as needed These plates are stored in the refrigerator 
More uniform seeding of the plates occurs if they are allowed to come to room 
temperature before seedmg Plates seeded at tw'o different times should not be 
mixed in lunnmg assays 

Test oigamsm Stock spore suspensions of Bacillus cereus 247 are prepared 
by growing the orgamsms on the smface of Difco nutrient agai for 4 daj's at 34 
C The organisms are w^ashed tmce m distilled water, heated at 50 C for 30 
mmutes to kill the vegetative cells, and the suspensions stored in the refrigerator 
The agar overlay should contain 300,000 spoies per ml 

Pi epai ation of samples A solution of the reference standard which is twice 
the maximal concentration used to obtain the standard curve- is prepared bj" 

’ With the technical assistance of A S Herring 

-With the sample of subtilin used in our work this maximal concentration was 1,000 
/ig per ml Since there seems to be no generallj accepted umt, and since each sample will 
vary in potency, it is impossible to indicate the maximal concentration It is necessarj , 
therefore, to determine this concentration with each sample of subtilin bj preliminarj 
experiments 

The subtilin used in this work was a single lot (no IIS-T dated -Vug 19, 1946) furnished 
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dissolving the diy pieparation in 1 n acetic acid This solution is stored m iii 
amber glass bottle m the refiigeiatoi, since subtilm has been shown to detn in' 
m potency m the presence of hght (Jansen and Hirsclimann, 1944) It is tliiN 
necessaiy to limit exposure of both the unknown and the standard On the d i\ 
of the assay a portion of the stock solution is brought to pH 5 witli 1 ^ X lOII, 
and sufl&cient 0 2 m Soerensen’s phosphate buffer (pH 5 8) is added to gi\ e i 
final subtihn concentiation equal to that of the most concentrated sample to bo 
used on the standard curve This results m a buffer concentiation of ipproxi 
mately 0 1 m Further dilutions of the standard are made with 0 1 u hulfcr 
It IS recommended that five concentiations be run, spaced over the 10 fold con 
centration range of the assay All unknoivns aie prepared so that the final buffer 
concentration is 0 1 ji and the pH is 5 8 Alterations in the pioceduie for ass a} 
ing subtilm m blood or serum are discussed m a later section 

Sterihty is not required m the piepaiation of the unknowns oi in the dilutions 
of the standard 

Setting up the assay It is recommended that each dilution of the stand ird 
and the unknown be run m tiiphcate The assay is set up by placing 3 filter 
paper disks, ^ flat side doivn, on 3 agar plates and pipetting a 0 10 ml alupiot of 
the sample onto each one as lapidly as possible Only 3 disks aie used on t itb 
plate because of the size of the zones obtained wath high concentrations V 
standard cuive is run each time that unknoxvns are assayed 
Incubation of the plates Plates are incubated at 30 C for 18 to 24 hoiiis, ind 
the diameters of the zones of mhibition aie read to the nearest 0 5 mm Shorter 
periods of mcubation at 37 C are satisfactoiy, but the zones of inhibition ire 
smallei than on plates incubated at 30 C 

Estimation of potency and its ei roi To illustrate the manipulation of results 
obtamed m deteimining the estimate of potency of an unknown and its error, ui 
example is given below 

Figure 1 shows the relationship betw^een zone diameter and log of subtihn con 
centration under the experimental conditions proposed above for routine v-b 
This IS a typical standard curve, except that 11 dilutions each m 0 lephcatcs were 
run The pomts on the curve represent the averages of the replicates ' 
plotting zone diameters versus log concentiation the lelationship becomes inc ‘r 
over the range of concentrations indicated The line in figure 1 was compute! 
the method of least squares (y on x) For rigorous statistical treatment o 
data this method is necessaiy, but for practical purposes it w is found 1 1 1 ^ 
graphical method (usmg transparent ruler) suffices, provided the one w lo i m 
it has some experience with the method Transforming the dat i to gne n ^ 
regression^ has the foUownng advantages (1) the best estimate of the corre i i 

bj Dr H D Lightbodj , Western Regional Research Laboratories of tlic U s D ^ | (j ,, 

California On the basis of a unit i\hich has been proposed bj Salle and Jaiin 
sample contained about 1 unit per 100 pg drj weight 

^ Schleicher and fcchucll no 740 E J-ineh filter paper disks ^ ^ 

* One cjcle semilogarithnuc paper can be Uscii, thus eliminating the at.ce„it 
fornung concentrations into logarithms 
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line IS available, and (2) the erroi of the method can be calculated The broken 
lines in figuie 1 paiallel to the solid Ime represent confidence limi ts for smgle 
zones spaced 2 standard errors of the estimate from the sohd hne This means 
that 19 times out of 20 the zone size obtained bj’’ any specific concentration a 
should fall wnthin these limits The confidence limits are actually parabolic, 
but in this case the error mtioduced by ass umin g them to be hnear is very small 



LOG /iq SUBTILIN PER MU 

Fig 1 Standard Curve for the Disk Assat of Subtilin 

The variance around the hne over the range of concentrations mdicated v as found 
to be homogeneous by Baitlett’s Chi-squaie test (Snedecor, 1946) 

Taking figuie 1 as the standard curve, an irnknorra (1 disk) falling \vithm the 
range mil have an error of ±17 per cent ® It is proposed as standard procedure 
in this assay to run all dilutions of the antibiotic m triplicate The diameters of 
the zones are averaged, and the estimate of concentration is taken from the aver- 

® Error limits are given as ±2 standard errors, which means that 19 times out of 20 the 
true values mil be mthin these limits The upper and loner confidence limits are not 
exactly equal n hen converted to antilogs, but for practical purposes thej are made equal 
by taking their average 
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age If one dilution falls iiithin the lange, the eiioi is ±10 pei cent llheii 
more than one dilution falls mthin the lange, an estimate of concentntion b 
obtamed from each dilution and the estimates aie aveiaged The errors lur 
2, 3, 4, and 5 dilutions falhng withm the lange aie ±7, 5 7, 4 9, and 4 4 per ctnt, 
respective!}'’ 

Although the erior of the method should not vaiy too much if the technique 
IS veil contiolled, it is advisable that each laboiatoiy deteimme its own error 
foi the method and perhaps check it occasionally 

EFFECT OF VARIABLES 

pH of the medium In the early portion of the v oik NaCl was not included in 
the assaj'’ mechum Dming this period some experiments vere done to deter. 



Fig 2 Effect of pH of the Medium on the Zone of Inhibition 

pH of medium in plates, left to right, is 5 9, 6 2, 6 4, and 7 2, respectivelj 
each plate moistened mth 0 10 ml subtilin containing 1,000 /jg per ml, nglit disk otXJiig 
ml, left disk 333 /ig per ml Zones of inhibition obtained at pH 5 9 are outlnitd iii inK 
poor growth at this pH is not visible on the photographic plate No NaCl m the nn.ui 


mme the effect of the pH of the medium on the activity of subtilin Ilu rc-ult' 
of one such expeiiment are shown m figure 2 Maximal actn ity occurred it 

5 9, and there vas a giadual decrease m activity as the pH was increased to / - 

The exceptional!}^ laige zones of inhibition observed at pH 5 9 weie piobahh i u* 
largely to mhibition of growth of the test organism by the low pH e p 

6 2 theie was no obiious change m density of growth Although larger zoiu 
were obtained at pH 6 2 than 6 4, the latter pH was chosen for routine c—ai to 


permit a factor of safety m the adjustment of the pH of the medium 

NaCl concentration of the medium Larger zones of inhibition were oh tree 
when XaCl was included in the test medium In this series of cxperinientT 
medium was adjusted to pH 6 4 and incubated at 30 C oecrnight 
were run with no XaCl, and similar assa}s were done on media cont iinin, 

2, and 5 pei cent XaCl The test organism did not grow on the nu (hum cont i 
mg 5 per cent XaCl The size of the zones \aned directl} with the eoiatut ^ 
tion of XaCl (figure 3) On the basis of these results, 2 per cent NaC i - 
eluded in the media cmplo}ed throughout the remainder of the work 

As^aij 0 ] t^uhiihn in certain body fluids Larger zones ol inhibition i et' 
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served vlien subtihn vas assayed in the piesence of blood or serum, as compared 
with those obtained in the piesence of phosphate buffer It was found that 
Mithin ceitain limits, in the piesence of a constant amount of subtilm, the zone 
diametei was dependent on the amount of blood and seium present 

Consistent lesults were obtained in the piesence of more than 10 per cent blood 
01 moie than 12 pei cent serum I\dien 100 /ig subtihn per ml veie assayed in 
the piesence of varying concentiations of serum (0 05 to 50 per cent), there was 
a diffeience of 10 mm m diameter of the zones over the range of 0 05 per cent to 
12 pel cent seium, and negligible differences in higher concentrations These 
results could not be duphcated m the presence of human globuhn or albumin 
alone or in combination 

In view of the foregoing results it is necessary, when assaymg for the antibiotic 



Fig 3 Effect of NaCl Concentration op the Medium on the Zone of Inhibition 

NaCl concentration m the plates, left to right, is 0, 0 85, and 2 per cent, respectively 
Top disk on each plate moistened with 0 10 ml of subtilin containing 1,000 ^ig per ml, right 
disk 500 ;ig per ml, left disk 333 mb per ml pH of medium 6 4 

in blood or serum by this method, to dilute the unknotni and the sample used 
for the standard curve with the concentrations of blood or serum mentioned 
above The observation that the zone diameter tvas consistent when different 
blood 01 serum samples were used permits dilution of the unknonm and standard 
with normal blood or serum 

The assay of subtilm is not affected by the presence of normal urine in con- 
centrations up to 50 per cent Assays of such samples are computed from the 
standard curve obtained from samples diluted mth 0 1 m phosphate buffer at 
pH 6 4 


SHMILARY 

A filtei paper disk method for the microbiological assay of subtihn, using Ba- 
cillus cereus 247, has been described This method also is applicable to the assay 
of subtihn in certain body fluids With the proposed procedure the error of the 
assay is appio\imately ±5 to 10 per cent, depending on the number of dilutions 
of the unknown falhng v ithin the range of the standard cun e 
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Recent investigations of altered sulfonamide responses m Neurospora crassa 
(Emeison and Cushmg, 1946) have disclosed that high concentrations of p- 
anunobenzoic acid (PABA) depressed and even mhibited the groivth rate of 
various strams studied The present paper reports observations upon a pig- 
ment produced by Neurospora crassa when growing m “mmimal” medium (Bea- 
dle and Tatum, 1945) supplemented with 10~- moles of PABA Specific mter- 
est, beyond a general relation to studies of PABA metabohsm, may be attached 
to these obsen^ations because of work show mg that a stiam of Mycobacterium 
tuberculosis (jMa3'-er, 1944) also produces a pigment w hen growing m the presence 
of this factor In addition, jMa3"er notes that Escherichia coh and Aspergillus 
tiiger produce pigments under similar conditions, and Spink and Vivmo (1943) 
have found that various sulfonamides mduce the formation of a pigment by re- 
sistant stams of staphylococci, w'hich they beheve is derived from the e\cess 
PABA produced by these strams These various pigments, though seemmgl3’’ 
related because of their specific association wnth PARA, differ among themselves 
and from the one described here 

The fact that the toxicit3'’ of PABA in high concentrations extends to such di- 
verse orgamsms as dogs (Scott and Robbms, 1942), and to microorgamsms 
(Cavdl and Vincent, 1945) other than Neurospora lends additional mterest to 
a consideration of the colored compounds produced in its presence In this re- 
gard, Cavill and Yincent also note that the molds Aspergillus, Pemcilhum, and 
Byssochlamys form an orange-3^ellow pigmentation in the m3mehal felt and m the 
surroundmg medium when grownng m high PABA concentrations, but do not 
report further on this coloration 

The present experiments, unless otherwise noted, w ere conducted with several 
strains of ^vlld t3"pe Neurospora crassa grown at 30 C on liqmd medium (20 ml 
in 125-ml Erlenme3’'er flasks) VTien this medium consisted of “nunimal” sup- 
plemented ivith 10“- moles PABA (pH adjusted to 5 5 at the start of the experi- 
ment and changing to 4 2 to 3 as growth progressed), the growth rate of Neiiro- 
spora was depiessed, as noted earher As growth proceeded, a green pigment 
giadualB’^ appeared in the vicimt3’' of the m3eehum and accumulated until, b3' 
78 houis, the culture flmd w as greenish 3 ellow B3’^ the end of 6 da3's full growth 
of the m3’^cehum had been reached and abundant conidia produced At this 

A 

' The assistance of a research grant from the U S Public Health Semce is gratefully 
acknowledged 

-The authors wish to thank Miss Theodora Penn for technical assistance during this 
work 
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tune the medium was conspicuously orange red m color Separation of the 
mycelial mat by filtration shoved this color to be due to a material tbit bad 
accumulated m the hyphal stiands, the medium itself remaining greenidn ellou 
Flasks containmg the PABA medium, but not moculated, remained colorlt' , 
showmg that the pigments aie a product of Newospora metabohsra Coucen 
tiations of 10~^ moles of PABA completely inhibited growth, but did deielop i 
gieenish tmge spontaneously This product, however, was found to haie quite 
diffeient properties from those desciibed for the material produced by the mold 
Growth m concentiations of PABA = 10~^ moles or lowei produced no pigineii 
tation 

In addition to wild type stiains fiom several souices, grovn at 35 C aa «ell 
as at 30 C and on sohd as well as liquid media, the following mutant strains d-o 
produced the colors described p-anunobenzoicless 15835a (from the California 
Institute of Technology) and the sulfamlanude-resistant (C-40) and sulfmil 
anude-reqmrmg (E-15172A) strains described elsewhere (Emerson and Cualniig, 
19-16, Emerson, 1947) In addition, an albmo strain (12-2) obtained in this lab 
oratoiy also leacted as did the avild type with respect to the production of pig 
ment, although it retained its albmo chaiacteristics 

An attempt vas made to obtain genetic alterations in the response of Nt,nro 
spora through adaptation To this end, four parallel series of serial transfers ol 
cultures gromng on 10~- moles of PABA were started, but at the end of 4 moiitlb 
representmg 8 such transfers no detectable deviations from the v ild t} pc l>e 
ha^^or m pigment production or grovdh rate were found 

That pigment production is specifically associated vnth PAB A. is show n b\ t le 
fact that like concentrations of several ammo acids and vitamins (M Schwartz, 
impubhshed data) added mdmdually to mimmal medium had no effect, e' en on 
the growdh rate, upon void type Neuiospora In addition, neither henzoit nor 
anthranilic acids stimulated pigment production , for these either inliihitcd grow i 
at 10~- moles or gave colorless giowth at low'er concentrations 

The effects of PABA vere not altered in media containing, m addition to 
moles of this factor, mixtures of the vitamins or the amino acids normall} u-o 
in this laboiatorj-- for testing for biochemical mutations in Ncurospora 
ent m the concentrations used foi these tests (ilcElroy, Cushing, and - ' *■''> 


1947) 


The pigment vas also produced when glucose was substituted 


This IS different fiom the reactions of Mijcobacterium when glucosC is 


the nadium 


for gljcerol (Ma\er, 1944) 

The relationship between the yellow -gieen pigment occurring m 
and the orange-red pigment in the hyphae has not been establiihed, an 
been conienient to eonsider the two occurrences separatel} Ihc rt:n 
ported below are concerned onlj wath the pigment found m the filtrate 


material has not j et been obtained in era stalhne form, the best prepar 


itltllb 1 >• 


amorphous orange-red powders ,, 

Extraction of the colored material is best done with the eoneentrate i 
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at pH 4 and peroxide-free ether, lesser yields are obtained at pH 1 and pH 11 
The substance is readdy soluble m the lower alcohols, and may be extracted from 
the concentrated filtrate with n-butyl alcohol Hydrocarbons, e g , hexane, 
benzene, toluene, as well as chloroform and carbon tetrachloride, do not extract 
the pigment from aqueous solution However, high specific solubility is shown 
by the dned matenal m that, whereas it is msoluble in carbon tetrachlonde and 
the hydrocarbon solvents, it is soluble m chloroform 

The amorphous powder mentioned above was obtamed from toluene solution 
as follows Excess toluene was added to the ether extract of the pigment, and 
the ether was removed by distillation, durmg which process some insoluble mate- 
rial formed Hot filtration followed by chillmg of the clear green toluene fil- 
trate produced a flocculent reddish precipitate, which appeared to darken some- 
what on drymg in air The intensification of color, however, appeared not to 
be due to any change m the nature of the pigment smce dilute aqueous and 
ethereal solutions of the dried material seem identical with solutions of the origi- 
nal pigment m the same solvents 

The substance is soluble in both acids and bases and can be completely re- 
moved from ether-hexane solution by shakmg either with cold 20 per cent hydro- 
chloric acid or dilute sodium bicarbonate solution Redissolution m ether from 
aqueous solutions, without prehimnary concentration, is practical only at pH 4 

Characteristic color changes are noted with change m pH In dilute bases the 
color IS green yellow, acidification causes a deepenmg of the green color Evapo- 
ration of the alkahne solution results m golden-yellow residues Evaporation of 
acidic solutions formed dark red rustlike residues Dissolved in concentrated 
hydrochloric or nitnc acids, almost colorless solutions are obtained Evapora- 
tion leaves residues similar to those obtained from dilute acids 

A color test which has been found to be very characteristic of the pigment is 
conducted as follows One drop of concentrated hydrochloric or mtric acid is 
placed on a dry film of the substance As solution takes place, a purple ring is 
noticed at the penphery of the expanding drop, which itself remains colorless 
Evaporation to dryness leaves the red granular substance mentioned above, 
which dissolves in a few drops of concentrated ammoma water to form a color- 
less solution 

The pigment can be adsorbed on norit A from ether-hexane solution, and eluted 
with alcohol, hot water, acetone, and ammoma-alcohol The water eluate is 
opaque to ultraviolet hght 

The foregomg data, though preliminary m nature, are presented to give some 
description of the pigment and the conditions for its formation in order to show 
that it differs in its properties and mode of appearance from the material de- 
scnbed by Mayer By similar comparisons it has been possible to show that the 
pigment is neither riboflavin (preparation from Merck) nor fohc acid (prepara- 
tion obtained from General Biochemicals, Inc ) Sufficient properties of the 
pigment described by Spink and Vivmo are not available to permit a satisfactory 
comparison with those reported here 
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SUMMARY 

Wild type strains of Neurospora crassa have been found to produce a water 
soluble greenish-yellow pigment in the presence of 10“- moles of PABA as growth 
proceeds and to concentrate an orange pigment in their hyphae Conditiona 
for the production of this pigment are presented, and a procedure is descnbed for 
the isolation of the crude matenal In addition, a color test is described, and 
sufficient properties are listed to show that it differs from the pigment found 
by Mayer (1944) 
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The m tniro study of antibiotics for activity against Mycobacterium, tubercu- 
losis has been hampered by the lack of a convement method for rapid cultivation 
of the orgamsm In the case of pemcilhn, instabihty of the antibiotic m solution 
presents an additional handicap Abraham et at (1941) reported that 1,000- 
fold the amount of pemcilhn adequate to produce complete inhibition of a stram 
of Staphylococcus aureus did not inhibit the growth of M tuberculosis m glycerol 
broth, even though pemcilhn solution was added every 2 days to mamtam the 
ongmal concentration of antibiotic The pemcilhn preparations then available 
could not be accurately standardized, but the maximal concentration used by 
these mvestigators appears to have been m the range of 40 umts per ml 

Smith and Emmart (1944) obtamed good growiih of M tuberculosis human 
type, stram A27, m glycerol broth contammg 10 to 30 umts of pemcilhn per ml 
and m Proskauer and Beck’s medium contaming 0 5 to 10 umts per ml The 
effect of higher concentrations was not studied Fnedmann (1945) obtamed 
rapid growth of human, bovme, and avian strams m tissue cultures contammg 
12 to 20 umts of pemciUm per ml, which had been added to inhibit the growth 
of contammants 

Recently, Hand (1946), usmg a rapid slide culture techmque, found that small 
mocula of freshly isolated strams were inhibited by concentrations of pemcilhn 
varymg from 20 to 60 umts per ml It was his opimon that this sensitivity to 
p enicillin may be lost upon prolonged cultivation of the orgamsms on artificial 
media, but this thesis was not tested with virulent laboratoiy strains Ungar 
and Muggleton (1946) studied the effect of concentrations up to 5 umts per ml 
and reported enhanced growth of the organisms m the presence of these concen- 
trations of pemcilhn A smgle stram was used m this study 

Youmans (1944a,6) has described an improved medium for testmg bacten- 
ostatic agents with M tuberculosis Subsurface growth is regularly obtamed 
with mocula of 0 1 mg of organisms per 10 ml of medium, but subsurface growth 
IS not regularly obtamed with smaller mocula Dubos (1945) has mtroduced a 
rapid tube culture method m which growth is charactenzed by diffuse turbidity 
and may be imtiated with small mocula This medium has been used success- 

‘ A preliminary report of this study was presented before the Theobald Smith Society 
on June 21, 1947 Kirby and Dubos, Proc Soc Exptl Biol Med , 66, 120, 1947, have since 
shown that high concentrations of pemcilhn produce partial lysis of M tuberculosis and 
that small mocula of orgamsms in tween albumin medium are susceptible to low concen- 
trations of pemcillin No inhibition was obtained with oleic acid-albuniin medium 
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fully by Steenken (1946) and by Smith (1947) to study the effect of streptomjua 
on M tuberculosis 

The present study was undertaken to supply additional data regarding the p&i 
tive effect of pemcilhn on M tuberculosis The strams used included 4 recenth 
isolated from active human cases in addition to standard laboratory strains of 
human, bovine, and avian type Dubos’ medium was selected because it sup 
ported rapid and diffuse growth Since cultures in this medium may be initiated 
with small numbers of cells, the study of the effect of inoculum size on sensitivitj 
to pemcillin was facihtated 


MATERIALS AND METHODS 

Strains ^ MTl, MT2, MT4, MT5, H37Rv (human type), Ravenel (bovine 
type), and Kirchberg (avian type) were studied The MT strains were isolated 
from human sputum approximately 6 months prior to these studies M strains 
have been maintained both in Dubos’ medium and on Petragnam’s medium 
Penicillin Crystalline penicillin G sodium (Merck) was used for all tests 
Preparation of cultures The culture medium was prepared according to the 
formula of Dubos and Davis (1946) “N-Z case” (batch 372, Sheffield Farnu 
Company) was selected as the source of mtrogen, and albumin (bovine 
Armour) was used for detoxification of fatty acids The albumin was disaob ed 
m 0 85 per cent sodium chloride, neutrahzed, inactivated at 55 C for 30 minutia 
to destroy residual lipase, and sterihzed by passage through a Seitz filter Peni 
cilhn solutions were prepared m Dubos’ medium at tenfold the final concentration 
desired, and 1-ml amounts of penicilhn m solution were added to 9 ml amounts o 
Dubos’ medium m 20-by-150-mm culture tubes 

Test and control tubes were inoculated with 0 l-ml amounts of cell ^’Uspc'i 
sion The turbidity of inocula was adjusted, using a spectrophotometer ( ol 
man model 6A), to a density that peimitted 89 to 91 per cent transmission o 
hght at 620 m^t, through suspensions in 19-by-150-mm cuvettes Suspensions o 
this turbidity contamed approximately 10^ to 10® viable organisms per m as 
determined by a tube dilution culture method When further dilutions \ur 
desired, Dubos’ medium was used as the diluent 

Tenfold dilutions ranging from 10® to 10® were prepared from cell sUspcn-i 
standardized as described above The undiluted and diluted 
then inoculated into senes of culture tubes containing 1 to 200 units o ptniu 
per ml, and growth was determined after 14 days of incubation at 37 

EXPERIMENTAL RESULTS 

The results of 6 consecutne trials in which 4 to 7 strams were u^ed 

sented in table 1 With undiluted inocula the strains recently isolate 

cases of active tuberculosis were mhibited by concentrations of ptnai 

ing from SO to 200 units per ml .Vraong the standard laboratorj strains, ^ 

j Strains MTl, MT2, MT4, and MT5 were obtained from Dr D U 
Belleiue Ilsopital, New 'iork, N V Strains fI37Il\, Ra\enel, and hue ^ ^ 

tamed from Dr Steenken, Jr , of the Trudeau Foundation, S iranac > 
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(humaxi type) was iniubited by 100 to 150 units, whereas Ravenel (bovine type) 
and Kirchberg (avian type) were inhibited by 40 units In 1 of 4 trials the Kirch- 
berg strain was inhibited by 20 units 

TABLE 1 


Concentrations of penicillin, units per ml, required for inhibition of growth of M tuberculosis 


ST2A1N 

DILUTION OP 
INOCULUU 

ZKIALNUUSCS 


2 

3 

4 

5 

6 

MTl 

Undiluted 



am 

so 

100 

so 


10-1 




60 

60 

so 


10-- 




40 

40 

40 


io-» 



■ 

20 

20 

10 

MT2 

Undiluted 

HH 

100 


100 


100 


10-1 


100 

msm 

60 


100 


10-“ 


40 

100 

20 


40 

\ 

10-“ 

40 

10 


20 


10 

MT4 

Undiluted 




■■ 

WM 

150 


10-1 




Hi 


so 


io-> 




60 

60 

20 


10-’ 




20 

60 

20 

MT6 

Undiluted 




150 

200 

100 


10-1 




40 

SO 

20 


10-“ 




20 

20 

10 


10-“ 




— 

10 

— 

Ravenel 

Undiluted 

40 

40 

40 



40 


10-“ 

20 

10 

10 



10 


10-“ 

10 


X 



— 


10-“ 

1 

1 

X 



— 

H37Rv 

Undiluted 

150 

100 

160 

150 

150 

150 


10-“ 

80 

40 

60 

SO 

SO 

60 


10-“ 

40 

20 

40 

40 

40 

40 


io-» 

10 

X 

X 

10 

10 

10 

Kirchberg 

Undiluted 

40 

40 

40 



20 


10-“ 

10 

10 

10 



10 


10-“ 

10 

1 

X 



1 


10-’ 

1 

1 

1 

1 



1 


— = no growth in the control without penicilhn 
= contaminated 

* Late growth at this concentration, higher concentrations of pemcilhn were not in- 
cluded in this senes 


With more dilute mocula lower concentrations of pemcilhn were required to 
inhibit growth At the 1 10 dilution the recently isolated human strains were 
inhibited by 20 to 150 umts, H37E,v by 40 to SO umts, and Ravenel and Kirch- 
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berg by 10 to 20 units At the 1 100 dilution the inhibiting concentrations, wlh 
one exception, vaned from 1 to 60 umts, and at the 1 1,000 dilution the inhibiting 
concentrations, with 2 exceptions, dropped to 20 umts or less 


DISCUSSION 

The use of Dubos’ medium to support growth of M ittherculosis offers a con 
venient method for the study of the tn vitro action of antibiotics, in this case peni 
ciUm, on the orgamsm Growth is relatively rapid and produces a diffubC tur 
bidity which permits standardization of mocula by use of turbidimetric methods 
This elunmates the trituration of cell masses for preparing homogeneous suspcn 
sions and the need to express the concentration of cells m gravimetric unila 
Furthermore, the medium consistently supports the growth of small uiocuU of 
cells and can therefore be used for the estimation of the number of viable organ 
isms m cell suspemsons with a tube dilution culture method 

Dependmg upon the concentration of orgamsms m the inoculum, strains of 
human, bovme, and avian types of M tuberculosis may with few exceptions be 
inhibited by concentrations of pemcillm varymg from 1 to 200 units per ml 
These results are comparable with those reported by Hand (1910) for frcshl) 
isolated strains of the human type He postulated, however, that scnsitivitj 
to pemcillm may be lost upon prolonged cultivation of the organisms and cited 
the high resistance of stram 607, an avimlent stram of human type, as an c’camp c 
Other standard laboratory strams were not investigated 

Our results mdicate that Hand's conclusions, draivn from observations wi ■ 
stram 607, do not apply to several other laboratory strams Usmg an mocu lun 
of 0 1 ml contammg approximately 10° organisms, strain H37E.V was inhi i ci 
by 100 to 150 umts per ml This value is m the same range of conccntrntioa> 
reqmred to inhibit the group of 4 recently isolated strams used in this 
Two other laboratory strams, Ravenel and I^irchberg, were inlnbite 

umts per ml, which approaches the lower limit of sensitivity obsen ed y 

The high resistance of stram 607 appears to be a characteristic of the strain 
than the species Furthermore, stram 607 is unusual m other respects -in 
imlike virulent strams, it may be grown on nutnent agar medium 


SUMMARY ^ 

Dependmg upon the size of moculum, human, bovine, and avian 
Mycobacterium tuberculosis were inhibited by concentrations of penici m ' 
from 1 to more than 200 umts per nol When mocula verc ad juste ° jj, 
90 per cent transmission of hght at 620 m/i through a depth of 19 mm, 
mg an moculum of approximately 10° organisms per 10 ml of test me 
of the tubercle bacillus was inhibited by drug concentrations of 10 to - 

per ml i lL ' 

Lower concentrations of pemcillm were effective when smaller m ^ ^ 

used With a 1 10 dilution of standard cell suspension as mocu j 

original inhibiting concentration frequently prcxluced complete m-a ^ 
visible growth This trend was mamtamed with higher dilution^ oi mo 
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Among the human strains, no marked chfference m sensitivity was observed 
between a standard laboratoiy stram (H37Rv) and strains recently isolated from 
sputum 

The strains of bovme and avian type were more sensitive to pemcillm than 
human ones 
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The culture was isolated in the Waycross Branch Laboratory of the Depart- 
ment of Health, State of Georgia, and sent to us by Miss Janie Morris, Atlanta, 
Georgia It was recovered from the urine of a woman with a histoiy of p 3 uma 
due to chronic cystitis and renal calcuh The patient had fever from time to 
time 

Btochemtcal features Gram-negative rods that promptly ferment, with gas 
formation, glucose, mannitol, maltose, trehalose, sorbitol, arabmose, rhamnose, 
and xylose They grow on citrate agar and utihze c?-tartrate on the second day 
Lactose, sucrose, sahcm, dulcitol, and mositol are not fermented withm 3 weeks, 
mdole IS not formed, and gelatin is not hquefied (60 days) HoS is produced 

Mouse pathogenicity Six mice fed with the organism were alive after 28 days 
Salmonella waycross was found m pellets taken on the nmth and twenty-first days 
Of 3 mice m^ected sc with 0 1 ml of a 24-hour broth culture, 2 died withm 24 
hours, 1 survived 28 days Three mice were mjected ip with 0 1 ml of a 24-hour 
broth culture, 2 died ivithm 24 hours, 1 was ahve after 28 days Thus the 
virulence for mice is relatively low 

Serology Dr Edwards, to whom we had sent the culture, informed us that its 
0 antigen seemed to be identical with that of N J 4, a cohform bacterium isolated 
from arthritic wmg jomts of canaries (Edwards, Cherry, and Bruner, 1943) 
This specific 0 antigen exhibited a slight relationship m the form of cross reactions 
to types conta ining the XI antigen (homologous agglutmation, 1 4,000, cross 
reaction, 1 500) The flagellar antigen of N J 4 was related to the g of the enter- 
itidis group Dr Edwards kmdly supphed a transplant of N J 4 and thus 
enabled us to produce sera and antigens for comparative agglutmations and 
reciprocal absorption tests 

From table 1, the followmg conclusions may be drawn S waycross and N J 4 
are closely related, the mam antigen show^s only nunor quantitative differences 
with unabsorbed sera In absorption tests the two antigens do not fuUy exhaust 
the reciprocal antisera The possible contents of XI as a partial antigen are 
larger m N J 4 than in S waycross This is demonstrated by quantitative ag- 
glutmations as well as by the far more effective absorption of N J 4 serum by S 
rvbislaw (XI) 

Smce the N J 4-waycros3 mam antigen so far has not been found in the 
Salmonella group, a new symbol is to be allotted to it XLI was chosen in agree- 
ment with Edwards and Kauffmann The addition to the formula of the partial 
antigen XI seems not to be warranted because of its very limited cross reaction 
with our stram 
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The H antigen of S iiaycross belongs to the zt group “ Vntigemc relatio i- 
ships ^^-lthln this group are quite complicated,” to quote Edwards, Wut, and 
Bruner (1947) These antigens occur in paracolon bacilU as w ell as m Salmoi <. >la 
types They ha\e the Zi m common and differ in partial antigens, e g , sj, z i, 
Z 25 , Z 26 , Z 32 Some even more mch\idual factors may occur with no partimlir 


T4BLE 1 


Somalic relaltonships of S icaycross 


AlftIGEXS 

1 SZ2A 

NJl 

1 5 ^oyCToss 

1 ^ rbju/jv (\I) 

1 

Unab- ' 
sorbed 

1 

Absorbed with 

Unab- 

sorbed 

j Absorbed with 

Unab- 

sorbed 

J Absorbed with 

5 

' 

cross 1 

5 

rubu 

lajt 

5 jay- 1 
cross 
+ 5 
ruiis 
larjt 

KJl 

s 

r ' 

/jj 1 

Ml 

Uj 

5 

jay 
crass , 

N Jl 

4* ^ 

wjy 

croif 

N J4 

640 

20 

160 

0 



600 

0 

so 

0 

0 

0 

S waycross 

1 320 

i 

0 

320 

0 

1,000 

40 

SOO 

0 

40 

0 

0 

0 

S rubtslaw 

SO 

0 

1 0 

1 

f 0 

20 

' 0 

, 


0 

640 





0 = <20 


TABLE 2 


Flagellar relaltonships of S waycross 


1 

H S£51A 1 

1 

A.vnc£.ss 

S aruotiA 

ZiZllZ t 

5 cetro 



S sU/UeyttUc 

2WJ 


S anzona j 

12,800 

3,200 

200 

100 

3,200 

3,200 

S cerro 

3,200 

12,800 

1,600 

1,600 

12,S0O 

12, SOO 

S dusseldorf 

400 

SOO 

6,400 

[ SOO j 

400 j 

SOO 

S lallahassee 

SOO 

1,600 

1,600 

3,200 

1,000 

1 

1,600 

S waycross 

6,400 

12, SOO 

SOO 

3,200 

12, SOO 

12,800 


diagnostic importance Among the salmonellae the foUow mg types of this kind 
are knowm 

S cerro XVIII, zj, Za, z-s 
S diisscldorf \iy III, Zt, ^.i 

S lallahasseeXIVlll, Zt, Zz- 

S slanleyiille IV VX^II, zt, zjj 
S anzona XXXIII, Zt, Zzz, zr 


The latter t}pe, of which some strains ferment lactose belatedly may U .ith 
drawm from the Salmonella group and added to the paracolon bacilli 
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gestioQ that is still open for discussion We tested these 5 types m comparison 
with S waycross S Stanleyville, an account of which has not yet been published, 
was sent to us by Dr F Kauffmann of Copenhagen Motile H antigens were 
produced with these strams and tested ivith the corresponding antisera (except 
for S Stanleyville) 

Table 2 demonstrates the mterrelationship of all types and the identical re- 
activity of jS cerro, S Stanleyville, and S waycross S anzona, S dusseldorf, 
and S tallahassee have in addition to the Zi antigen strong mdividual factors 
which differentiate them from one another, and from the cerro-waycross-stanley- 
ville group These results were checked by a great many cross-absorption tests, 
with all sera mvolved, and by smgle or double absoiptions Scores of mdividual 
tests confirmed the conclusion that the H antigen of S waycross is all but identical 
with that of S cen o and S Stanleyville Smce the designation of the S cerro H 
antigen has recently been simplified to zj, Z 23 , this symbol is also to be given 

to S waycross, whose antigenic formula therefore reads XLI Z 4 , za 

SUMMARY 

Salmonella wayciass, a new Salmonella type, was isolated from the unne of a 
woman with chronic cystitis It has a new Salmonella 0 antigen that also occurs 
in the paracolon bacillus N J 4 (Edwards) , its H antigen belongs to the Zi group 
The antigemc formula proposed is XLI zt, Zm 
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A considerable amount of work has been reported on the surface-active cations, 
and several workers have shown that, although these compoimds are highly 
germicidal, they are also highly bacteriostatic m lelatively high dilutions Al- 
though these compounds are highly bacteriostatic, there has been httle work 
done to distmguish between actual geimicidal activity and bacteriostatic action 
Baker, Harrison, and Millei (1941) made the first attempt to separate bacterio- 
static from germicidal action by the use of phosphohpids They found that the 
effect of the cationic compounds upon the test bacteria was seriously impaired 
when the bacteria were added simultaneously with the phosphohpids They 
were, however, unable to revive the bacteria once they had been in contact ■with 
the cationic compound Valko and DuBois (1944) were the first workers to show 
the so-called reversibility of the surface-active cations They were able by the 
use of “duponol PC” to neutralize in part the effect of a 1 3,000 dilution of “zeph- 
iran” upon Staphylococcus aureus after 10 minutes’ exposure Using Escherichia 
coll and Eberthella typhosa, they were able to obtam reversal up to 5 mmutes 
The measurement that they used for kill or survival was the absence or presence 
of gioivth m the broth subculture tubes As mentioned by Hotchkiss (1946) 
this is a quahtative rather than a quantitative procedure and assumes either com- 
plete killmg or no kilhng at all rather than the percentage surviving Unfortu- 
nately, although such data show that neutrahzation has occurred, there is no 
information upon the degree of neutrahzation The work presented in this paper 
further substantiates the fact that the action of the surface-active cations is 
reversible The techmques used vary from those of previous workers m the 
method of approach and m that they are quantitative 

EXPERIMENTAL METHODS AND RESULTS 

These studies were imtiated ongmally by the fact that when spores of Bacillus 
subiilis were exposed to surface-active cations, complete kilhng was obtamed 
after short periods of exposure The writers were firmly convinced that the bac- 
terial spores were not susceptible to this degree to the action of these compounds 
and that the apparent killing was actually a bacteriostatic action When the 
treated spores were subsequently treated with anionic neutrahzmg agents, a few 
spores recovered from their inhibition, but the apparent percentage of kilhng was 
still exceedingly high It was finally decided to attempt the removal of the excess 
surface-active agent by centrifugation of the treated spores followed by repeated 
wa shin g with sterile distilled water or physiological sahne This procedine gave 
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a high percentage of reco^er^' of the spores, far greater than tint obt luicd b; 
neutralization by an anionic compound 

In the preparation of the spore suspensions, Bacillus sublih, gro\Mi on the 
surface of plain agar for 7 days, after ivhich time the grou th was Inn csted in ili* 
tilled water and the resultmg suspension heated to SO C lor 10 minute^, for the 
purpose of destroying the vegetatn e cells and the heat-suseeptihle spores llus 
suspension was immediately cooled and presen ed by storage at 10 C tor subse- 
quent use 

In the conduct of the e\periments a constant amount of the spore suspension 
w'as treated in duphcate wnth the cationic compound gi\ mg a final tonccntration 
of the compound of 1 2,000 based upon the anhydrous material .1 control ton- 
taming the same amount of spores suspended in distilled water was t irried along 
to determine as closely as possible the number of spores being treated in the 
various steps These samples were centrifuged until the spores were thrown 
down, the supernatant ivas removed, sterile distilled water was added to the 
original volume, and an aliquot was removed for determining the bacterial count 

TABLE 1 


The reversal of bacteriostatic effect oj ! SfiOO“B T C " on spores o/ Bacillus suUtilis by 

centnfugalion 


TiZAnai-T 

so ac.sz 

tSTSDkSZ 

2\T) USSE 

lu) xj. -ec 

None 


151,000 i 

100,000 

1 150,000 

1 j 

0 

0 

500 1 

1,000 

2 

0 

1 

0 

ICO j 

2,700 


The suspension was then centrifuged a second and third time, the supernatant 
bemg removed and a bacterial count bemg made each time ^^mother untreated 
control was allowed to stand during the course of the experiment and was plated 
at the termination of the experiment The data are presented in table 1 Troiu 
these data it can readily be seen that there is a definite revival of the thcorcticalli 
killed spores as shown by the comparison of the bacterial count of the first rinse 
and the treated control Furthermore, this revival increases with the greater 
number of nnses 

In the foregomg experiments it was noted m every instance that the bacterial 
counts of the various dilutions plated failed to follow the normal pattern, c g , 
the low dilution gave a lower count per plate than did the higher dilution, al- 
though the number of colomes was within the normal number of colomcs (23 to 
250) permissible for countmg This could onl> mean that the simple process ol 
dilution and shaking was further rev ersing the action of the surface activ c catioiio 

Following the foregomg observmtion, an experiment was conducted to detf r- 
mme whether or not this reversal could be demonstrated b> a simple dilulioii 
technique The tubes w ere prepared in the same manner aa in the pre . loiw c , 
penment From these tubes 1-ml sample^ were drawn at 2-imnutc inter. a i for 
20 minutes, placed in 99 ml of stenle distilled ..ater, and shaken vigorous j 
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times This diluted suspension was plated in amounts of 1 ml and 0 1 ml, and 
1 ml of a 1 100 dilution A control suspension of the spores m distiUed water 
was plated before the experiment was run, held dunng the course of the expen- 
ment, and then plated again at its teimination to deteimine whether or not there 
had been any laige change in the population during the course of the expenment 
due to external factors Table 2 gives a typical set of results The data show 
that no germicidal action occurs aftei the first 2 minutes of exposure The bac- 
terial population remains practically constant for the entire 20 minutes of e cpo- 
sure It can be seen that in the 1 2,000 dilution of the catiomc agent practically 
all of the spores were recovered, in the 1 1,000 dilution a kill of 50 per cent was 
apparent, and m the 1 500 dilution the kill was increased to approximate^ 90 
per cent 


TABLE 2 

The reversal of baclenoslatie effect of "B T C ” on spores of Bacillus suhlths by dilution and 

shaking 


EXPOSllEE TUO: 

NUilBEK OP BACIEalA PEE ML 

Tnal 1 

1 2,000 

Tnal 2 

1 1 000 

Tnal 3 

1 500 

Initial count 

310,000 

770,000 

2,320,000 

2 minutes 

149,000 

310,000 

206,000 

4 minutes 

136,000 

384,000 

206,000 

6 minutes 

256,000 

204,000 

196,000 

8 minutes 

218,000 

428,000 

160,000 

10 nunutes 

273,000 

276,000 

118,000 

12 minutes 

140,000 

224,000 

141,000 

14 imnutes 

248,000 

163,000 

126,000 

16 minutes 

264,000 

254,000 

124,000 

18 minutes 

240,000 

134,000 

114,000 

20 minutes 

278,000 

168,000 

158,000 


Data are presented in table 3 showung the effect of dilution by nutnent agar 
upon the number of colomes appearing on the plates It is mterestmg to note 
that although the 1-ml and 0 1-mI portions came from the same flask, which was 
the first dilution of the treated suspension, the plate coimt from the 0 l-ml 
portion m practically all cases yielded a greater number of colomes than did the 
1-ml portion This would mdicate that the dilution resultmg from mixmg the 
orgamsms m the nutrient agar tended to eliminate the bactenostatic action 
This would be in addition to the reversmg action of the agar itself as reported 
by Qmsno et al (1946) 

Much work has been reported on the electrophoretic mobihties of bactenal 
cells some in regard to their pathogemcity (Frampton and Hildebrand, 1944), 
some regardmg the stage of growth of an mdividual organism (Moyer, 1936a), 
some regardmg the effect of cations m general upon orgamsms (Moyer, 19365), 
and most recently some on the effect of surface-active agents upon various bac- 
terial cells (Dyar and Ordal, 1946) Electrophoretic mobihty, usmg a techmque 
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sumlar to that used by the foregoing ^lorkers, nas used to shou tlio remo\al of 
surface-active agents from the surface of bacteria b^ cashing proceuurca 
A simple electrophoretic cell v as used \nth a depth of GOO micron^, The da,- 
tance between the electrodes uas 3 i cm To keep from encountering \arious 
currents within the electrophoretic chamber of this t> pe, all determinations uero 
made ivith the microscope focused at a distance of 100 microns belou the bottom 
of the cover glass This depth vas chosen because it has been shoun bj other 
workers that, m a 600-micron cell, the most stationaiy le\ els are at 200 and 100 
microns from the bottom of the cell The lower level (200 microns irom the 
bottom of the cell) was chosen for observation because the spores arc relatively 
heavy and tend to settle toward the bottom of the cell A const mt potential of 
20 0 volts was used for all tests, and a current of 1 milliampere was never c\- 
ceeded 


TABLE 3 


T/ie reversal of haclenoslalic effect on spores of Bacillus subtilis by agar plating after treatment 
with 1 500 dilution of “S T C " as demonstrated by comparalne counts obtained 
with i-ml and 0 t-ml dilution agar plates 


iVUPLE 

uioiSR or coLDvirs APPrARihc o i tux 

! 

1 OmI 

0 I col 

1 

14 

200 

2 

33 

20o 

3 

40 

10b 

4 

45 

ICO 

5 

11 

118 

6 

63 

111 

7 

IS 

12o 

8 

63 

to 

9 

122 

114 

10 

66 

15S 


In making the electrophoretic tests, the time for a single spore m the electrical 
field to traverse 200 microns m one direction was observed and recorded ihe 
poles of the cell were then reversed and the time for the same spore to tra\ cl bacik 
to its onginal position was determined This was done for the purpo-c of nulli- 
fymg any currents, convection or otherwise, which may hav e been present at th it 
level in the preparation Five determinations on each preparation were m ale 
m this fashion, the 10 tune mtervals were averaged, and the mean v u.^.d lor 
the calculation of the rate of speed of the spores m the electrical field 

In the tests, the samples were centrifuged and washed m the same in mner U->.a 
to obtam the results in table 1 -Vliquots were removed alter each a.-hing u <1 
the electrophoretic mobihties determined Ihe concentrations oi the 
activ e cations were 1 1,000, 1 2,000, and 1 1,000 The mob’lit> rUe oi tl - un- 
treated spore suspension was determuicd aa a control 

The data for the foregomg experiment using “roccal” oa the .una<L -es.e 
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cation are given in table 4 Similar experiments were conducted using “B T C ” 
and “tetiosan” as the sui face-active cations, and also using as test orgamsms 
Esche) ichia coh and Staphylococcus aureus The data for the last mentioned are 
not given because they present identically the same picture as that presented 
m table 4 

In the foregoing experiments no attempt was made to regulate the pH by the 
use of a buffeimg system since prehminaiy experiments showed only neghgible 
differences between mobilities m the buffered and unbuffered solutions The 
data show that when the oiganisms were treated ivith a 1 1,000 solution of the 
cationic agent, the spores changed from a negative mobihty of 19 microns per 
second to a positive mobihty of 18 micions per second After one washing the 
positive chaige was lost by the removal of the cationic substance from the surface 
of the spore and from the solution The spoie now showed a negative mobihty 
of 16 9 microns per second A second ivashmg increased the negative mobihty 
to a point greater than the negative mobility of the untreated spores 


TABLE 4 


The electrophoretic mobilities of spores of Bacillus subtilis when treated with “roccal” followed 
by centrifugation and washing with distilled water 


MOBIIJTIES— ;i/SEC IN 20 VOLT PIEIDS 


TKZATilENT 


Dilution of cationic agent 



1 1 000 

1 2,000 

1 4 000 

No wash 

4-18 6 

■+16 7 

+7 0 

First wash 

-16 9 

-16 9 

-20 3 

Second wash 

-25 5 

-25 9 

-19 8 

None 

-19 0 

-19 4 

-19 4 


The symbols + and — represent electrical charges on spores 


These data confirm the bacteriological finding that dilution will remove the 
catiomc compounds from the surface of the spores 
In the light of the results above, further studies were conducted on Escherichia 
coh, Eberthella Ujphosa, and Staphylococcus aureus using the dilution technique as 
a method of reversmg the action of the catiomc compounds Dilutions of 

1 5,000, 1 6,000, and 1 10,000 of the surface-active cations were used with an 
inoculum of over 10,000,000 orgamsms per ml In no mstance, either by shaking 
or centrifuging, could the orgamsms be recovered after an exposure of 3 minutes 
or more In most cases a count of 1 or 2 colomes was found on the plates contam- 
ing the 1 100 dilution of the catiomc agent and orgamsm suspension after an 
exposure of 1 minute In one case a count of 1,700 per ml was obtained after the 
exposure of Staphylococcus aureus for 1 minute This dropped to 300 per ml m 

2 mmutes, and then to zero in 3 mmutes This, then, would seem to mdicate 
that vegetative cells are killed or sufficiently hampered by the action of the 
cation so that their recovery by either of the methods, washing or centrifuging, 
IS not possible Dilutions of the catiomc compound greater than 1 10,000 were 
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not used This pohcy i\as adopted since these compounds are used in the tald 
in dilutions of less than 1 10,000 

In making the electrophoretic studies, the question arose as to w hcthcr or not 
clumpmg of the organisms w ould occur if the concentration of the Latiomc igcnl 
was such that it just neutrahzed the surface charge of the organisms, or it nn\ 
clumping occurred spontaneously durmg the transition of the orgmi'Uii fioiu a 
negative to a positive charge owmg to the adsorption of the compound To de- 
termine whether or not such was the case, tests Mere run on Ei>cherichta co’i, 
Eberthella typhosa, Pseudcrnionas aeruginosa, and Staphylococcus auruts Tueiitj - 
four-hour broth cultures of these organisms were centnfuged to rcmo\ o the broth, 
and were then resuspended in sterile water by \igorous shaking to asaiire the 
breakmg up of all clumps that nught have been formed by centrifugation These 
suspensions were then added to varying dilutions of three different quatern irics, 
namely, “roccal,” “hyamme 1622,” and “B T C ” Glass co\ er slips were plated 
m the dilutions of cationic substances before the organism suspensions were 
added to facilitate the clumpmg of the orgamsms upon a glass surfate, as has been 
reported previously After the addition of the orgamsm suspension, the coitr 
shps were removed, placed upon a clean slide, and examined by using dark field 
illummation The followmg results represent the three quaternaries tollettnelj 
smee no differences in their reactions were noted 
Pseudomonas aeruginosa — clumping occurred up to a dilution of 1 1,000 No 
clumping m dilution of 1 5,000 or greater 
Eschertchta colt — clumpmg occurred up to a dilution of 1 2,000 No dumping 
m dilutions of 1 4,000 or greater, with the exception of 1 00,000, which showed 
no clumpmg immediately but did after a 24-hour period 
Ebeithella iyphosa and Staphylococcus aureus — no clumping m any dilutions 
from 1 1,000 to 1 100,000 

It will be recalled that in a previous portion of the paper dealing with reversal, 
it was noted that when working with dilutions commonly used for disinfection 
purposes, namely, 1 1,000 to 1 7,000, no reversal of the cationic action could be 
obtained wth vegetative cells even though it was shown clectrophoretical!> that 
the compound had been washed from the surface of the organism b> sliaking, 
which process was sufficient effectixely to disperse any clumps present Ihis, 
then, would seem to show that the organisms bad either been killed before the 
clumpmg occurred, or, more logicallj', that the compound aelsorbed on the suriuee 
of the orgamsms contmues its action even though the organisms are clumped 
It IS of mterest to note that m conducting the foregoing expenments the dark- 
field illumination showed thOiC organisms that had been killed or immobilized 
by the catiomc agent to haxe a much higher refractixc index than norm il erg m 
isms or those orgamsms present m the solution which had not is jet been im- 
mobilized . , 1 

An apphcation of the possible rexersal by dilution and shaking i.us attemjaed 

by the authors while coUectmg data for another paper (Mallmaiin, 

Turney, 194G) Bhile taking swabs of beverage glac-.eo treated \ ith IJ) ppm 
of a surface-active cation, the swab bottles were sfiaken 30 to 30 timeo to t o' 
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oughly fluff the cotton of the swab immediately after the swab had been taken 
In this manner it was hoped that the compound could be washed fiom the surface 
of the organism The fact that possible bacteriostasis may occur from the com- 
pound carried ovei on the swab was disregarded since, from previous e\peniiients 
carried on by the authors, it has been quite conclusively shown that the ex- 
tremely high dilutions of the compound resulting m the swab bottles would have 
no effect upon the bacteual population The results showed no difference in 
count between the shaken and unshalren swabs, which again demonstrates that 
the organisms present on the glasses were evidently killed before the action of the 
cationic agent was reversed 

In the light of the studies cited on electncal charges and the apparent adsorp- 
tion of the cationic compounds on the surface of the orgamsm, an attempt was 
made to correlate these with a possible mode of action of the cationic surface- 
active agents Hotchkiss (1946) reported that the cell contents of orgamsms had 
been found in the supernatant fluid after the organisms had been acted upon by 
surface-active cations, and he believed that this was due to the denaturation of 
the cell wall, ivhich thereby destroyed its selective permeability and allowed the 
cell fluids to escape into the suspending fluid These authors thought that, in 
addition to the cell wall breakdown, the osmotic pressure exerted by these com- 
pounds might increase the amount of these cell flmds in the surrounding medium 
Thus a study of the osmotic pressure of a surface-active cation was made, using 
“roccal” as a typical compound 

The results obtamed are what would normally be expected judgmg from the 
molecular weight of this compound The osmotic pressure exeited by the com- 
pound, as determined by a purely physical test, would not seem to exert an appre- 
ciable effect However, this does not reveal the entire condition It should be 
remembered that m very dilute solutions of a catiomc compound enough is ad- 
sorbed on the surface of the organism to change its charge from a negative one to 
a positive one This, then, would indicate that the concentration of the com- 
pound upon the surface of the orgamsm is much greater than the concentration 
of the compound in the solution The authors believe that this adsorbed material 
exerts an osmotic pressure compaiable to its concentration on the bacterial cell 
This means that an orgamsm m a 1 1,000 dilution of a catiomc compound would 
not be exposed to an osmotic pressure of only a 1 1,000 dilution but would be sub- 
jected to an osmotic pressure greatly in excess of that, owing to the high concen- 
tration of the compound upon the orgamsm This osmotic pressure would tend 
to draw the cell fluids through the disrupted cell wall mto the surroimding fluids 
This belief was further strengthened by Dyar (1947), who observed, while em- 
ploymg a 1 300 dilution of cetyl pyridimum chlonde for a cell wall stam, that 
the exammation of the bacterial cells in water under a cover shp showed the 
cytoplasm to be shrunk away from the cell wall 

It is qmte probable that the surface-active agents are adsorbed on the surface 
of the bacterial cells in sufficient concentration to mterfere with the osmotic 
balance of the orgamsm and its surrounding menstruum, and m this manner 
may prevent the intake of nutrients This would help to explam why these 
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compounds are so lughlj bactenostarc m high dilunons, and the bacteno- 
stanc enect can be removed by dilution and vigorous shaking or by the use or 
neutralizmg agents Further, it would nvplam partiallj- vihj' re\ersal can be 
obtained usmg spores, sines their cell wall is much thicker rhrm that of \ egefatn e 
cells and consequently more resistant to chemical changes as ell as osmotic 
effects 


smoiABr 

The bacteriostatic enect of surface-active cations on bacterial snores can be 
reversed by dilution and shaking m distilled water or ph3'sioIogical saline solu- 
non 

The reversal oi the bacteriostatic effect of surface-actn e cations bj’ the re- 
moval of the canons adsorbed on the bacterial spores bj' dilution v,as prm ed bj' 
demonstratmg that negative mobdities of the spores were restored washing 
the cells witn distilled water 

The high osmotic pressure exerted on the bactenal cell by the adsorbed surface- 
acuve canon may explam, m part, the destruefaon of vegetatire cells by the dis- 
charge of cell flmds into the suspending solution 
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The antibiotic polymyxin occurs m the cell-free fermentation hquor of a stram 
of Bacillus •polymyxa isolated m these laboratories The ongm, production, iso- 
lation, and biological activity of this substance have been bnefly described m a 
previous publication (Stansly, Shepherd, and White, 1947) 

The present commumcation describes in detail a method for the routme pro- 
duction of high potency fermentation hquor on a large laboratory scale The 
data presented indicate certam nutritional and environmental factors that were 
found to have an important bearmg on production 

METHODS 

Unless otherwise stated, experiments were conducted at 25 C m 500-nil Erlen- 
meyer flasks, 100 ml of medium per flask Media were prepared m distilled 
water, adjusted to pH 7 with NaOH, and sterilized by autoclavmg for 15 minutes 
at 121 C The flasks were moculated with 0 1 ml of a 24 hour “trypticase soy”‘ 
broth culture of Bacillus 'polymyxa mcubated at 37 C 

In all instances, experimental flasks were m tnphcate and an average potency 
was obtamed from mdividual assays of the centrifuged fermentation hquor of 
each flask Activity was deter min ed either by the agar streak, senal dilution 
method (Waksman and Reilly, 1945) usmg Escherichia coli (MacLeod strain), 
and expressed as a dilution, or by the more accurate agar diffusion method 
(Stansly and Schlosser, 1947) and expressed as units per ml An assay titer of 
1 128 IS approximately equivalent to 128 umts per ml 

EXPERIMENTAL RESULTS 

Nutritional factors Table 1 summanzes the effect of some simple and com- 
plex mtrogen sources, either alone or in combmation, in a basal medium con- 
sistmg of 1 per cent glucose, 0 2 per cent KH 2 PO 4 , 0 05 per cent MgS 04 7 H 2 O, 
0 001 per cent FeS 04 7 H 2 O, and 0 005 per cent NaCl Incubation was at 30 C 
It IS apparent that the basal medium plus 1 per cent (NH 4 ) 2 S 04 and 0 5 per cent 
yeast extract (medium 5) gave the highest potency 

Prehmmary experiments to determme the optimum concentrations of some of 
the constituents of medium 5 mdicated that production was unaffected when the 
yeast extract was mcreased from 0 5 to 1 per cent On the other hand, the po- 
tency of the liquor was decreased by one-half when the yeast extract was de- 
creased to 0 125 per cent An mcrease m glucose concentration from 1 to 2 
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per cent did not affect the potency obtained m medium 5, whereas an increase of 
ammomum sulfate from 1 to 2 per cent appeared to yield a more active liquor 
Based on these findmgs, a medium consistmg of the basal mgredients plus 
0 5 per cent yeast extract (Difco) and 2 per cent (NH 4 )oSOi became the standard 
medium for further experiments and for routme production 
It IS interestmg to note that the production of actmty was not related solely 
to the amount of growth This can be seen in table 1 by comparmg the potency 
and growth obtamed in media 1, 4, and 5 The lack of strict parallelism of 
growth and potency has been observed with respect to other factors affecting 
production of pol 3 Tnyxm 

When tested m a concentration of 1 per cent, cerelose,= sucrose, and soluble 


TABLE 1 


Effect of some sources of nitrogen on production of polymyxin 


UEOrow KO 

BASAI.* ¥vas 



1 

Tryptone 

1 per cent 

-f-f 

0 

2 

Casein hydrolysate 

1 per cent 

0 

0 

3 

(NH4)iS04 

1 per cent 

0 

0 

4 

Tryptone 

Yeast extract 

1 per cent 

0 5 per cent 

+++ 

1 

1 8 

5 

(NHdsSOi 

Yeast extract 

1 per cent 

0 5 per cent 


1 2oC 


* One per cent glucose, 0 2 per cent ISJIfPOt, 0 05 per cent MgSO^ 7HiO, 0 001 per cent 
FeSO^ 7HsO, and 0 005 per cent NaCl 

t The number of + signs designates the relative amount of growth observed by visual 
inspection after 2 days of incubation, 0 denotes absence of visible growth 

f Activity determined by the serial dilution, agar streak method, after 3 days of in 
cubation 


starch (Merck) were approximately equivalent to glucose, giving after 4 days of 
mcubation 197, 213, and 167 umts per ml, respectively, compared to 210 for 
glucose On the other hand, lactose seemed somewhat less favorable, the aver- 
age potency bemg 116 umts per ml 

Brewer’s yeast, fish solubles, distillers’ solubles, com steep liquor, and soybean 
oil meaP were tested m a concentration of 1 per cent (dry weight) as substitutes 
for yeast extract m the standard medium The resulting potencies after 4 days 
of mcubation were, respectively, 31, 38, 45, 88, and 132 units per ml compared 
to 132 units per ml for 0 5 per cent yeast extract 

’ Commerical hydrated glucose . ^ 

J Brewers’ yeast. Sperti, type I, fish solubles. Gorton Pew Company, distillers solubles 
(‘‘stimuflav”), Hiram Walker and Sons, com steep liquor, Corn Products Btfining om 

pany, soy bean oil meal. Swift and Company We wish to thank Dr L M Prucnsof f,t<li.r t 

Laboratories for making these products available 






1918 ] 


rUODUCTION OP POLYMYXIN 


575 


Tap w itei gave results similai to distilled water, and technical ammonium 
sulfate w IS found to bo equivalent to cp grade Equivalent potencies were ob- 
tained wbetbei the glucose was autoclaved with the balance of the medium or 
sterilized separately and added to an autoclaved solution of the other ingredients 
The formei procedure, however, resulted in a dark beer from which the active 
principle was somewhat more difficult to obtain as a colorless salt 
From the standpoint of large-scale fermentation it was of mterest to determine 
the effeet of certain construction metals on the production of polymyxm For 
tins purpose, 5 square centimeters of metal surface per 100 ml of medium were 
autoclaved with the medium and retamed in the flask for the fermentation period 
It was observed that the addition of stamless steel consistently resulted m po- 
tencies equal to or higher than the controls On the other hand, the addition of 
black iron and construction steel consistently resulted m potencies somewhat 
lower Typical results were 107, 94, and 139 umts per ml, respectively, for 
black iron, construction steel, and stainless steel, compared to 142 for the control 
Unlike the case of bacillm (Foster and Woodruff, 1946), the addition of manga- 
nese (10 ppm as MnSO^ 4 H 2 O) to the standard medium had no favorable effect 
on the production of polymyxin and, in fact, appeared to depress it 
Incuiation temperature Fermentation at 20, 25, and 30 C resulted m eqmva- 
lent potencies when assayed after 3 days Although growth was very good at 
37 C, the resultmg potency was decreased roughly 15-fold 
Incubation period At 25 C, using the customary moculum, maximum po- 
tency was reached at about the third day and remamed at approximately a 
constant level for a period of at least 28 days High potency has been observed 
to occur before appreciable sporulation took place, sporulation was usually com- 
plete on the fifth day 

Aeration in deep fermentation It was observed that if the volume of medium 
was mcreased in the 500-ml Erlenmeyer flask, the potency was correspondingly 
less Thus, 100, 200 and 300 ml per flask gave, respectively, a titer of 1 128, 
1 64, and 1 32 after 7 days of mcubation at 30 C These results suggested the 
necessity for forced aeration m deep fermentation This was shown to be the 
case m an experiment m which 12-hter round-bottom flasks containmg 8 hters 
of medium were aerated at the rates of 0, 1, 2, 4, 8, 16, and 64 liters of air per 
hour After 4 days of mcubation, the potencies were, respectively, 10, 77, 96, 
138, 127, 140, and 153 units per ml It is apparent that, under these conditions, 
aeration at the rate of at least 4 hters per hour was essential for maximum pro- 
duction 

It might be supposed that the effectiveness of aeration was due to supplymg 
mcreased amounts of oxygen to the metabohzmg orgamsms An alternative 
explanation suggested by Adams and Leslie (1946) for the production of 2,3- 
butanediol by B polymyxa was that the surface volume relationships, which are 
similar to those reqmred for polymyxm production, reflect the need to elimmate 
metabolic gases (e g , CO 2 ) That this may also be the case with polymyxm 
was demonstrated by the fact that equally good growth and production of 
polymyxm were obtained by aerating ivith nitrogen (99 7 per cent pure), at 64 
liters per hour, as with air at the same rate 



576 


[\0L 55 


STANSLY, SCHLOSSER, IlNVNENKO, VND COOK 

Control of foaming With forced aeration, foaming ivas a serious problem Of 
substances tested, a solution of 1 per cent octadecanol m mineral 
oil (IJ b P ) appeared to be the most effective agent m controlhng this difficultj 
Its effectiveness was confirmed m routme production In the amounts used no 
particular effect was observed either on the growth of the orgamsms or on the 
production of polymyvm 

Changes in -pH during fermentation Routme pH determmations mdicated 
that during large-scale production of polymyxm a small but characteristic fluctu- 
ation of pH took place If production failed, however, the pH changes were 
charactenstically different Dunng successful production, the pH vould de- 
crease from an initial value of about 7 to about 6 by the thud day and then m- 
crease to a value close to neutrahty by the fifth day Such a beer had a pleasant, 
yeasty odor If the pH decreased to about 5, however, little or no production 
of polym 3 rxm took place Such a beer usually had a sharp, disagreeable odor 
Contammatmg organisms could not be demonstrated in these unproductive 
fermentations 

Description of Large-Scale Laboratory Production of Polymyxin 

One hundred and eighty liters per week of fermentation liquor have been rou- 
tinely produced m twelve 22-hter, round-bottom pyre\ flasks con taming 15 
hters per flask As a safety measure and as a convenience m handling, the flasks 
were enclosed m protective holders fabncated from galvanized iron and cushioned 
with rubber tubmg 

To each flask were added 75 ml of 10 per cent NaCl, 600 ml of 50 per cent 
(NH 4 ) 2 S 04 , 300 ml of 10 per cent KH 2 PO 4 , 75 ml of 10 per cent MgS 04 7H:0, 
15 ml of 1 per cent FeSOi 7 H 2 O, 750 ml of 10 per cent (Difco) yeast extract, 
and 12,650 ml of water The pH was adjusted to 7 9 to 8 0 (requiring about 
23 ml of saturated NaOH) After bemg stoppered with cotton wool and gauze, 
the solution was sterihzed by autoclavmg for 1 hour at 15 pounds’ steam pres- 
sure (approximately 121 C) 

After the solution reached room temperature, the following were added (a) 
600 ml of a 25 per cent solution of glucose m distilled water (sterilized for 20 
mmutes at 15 pounds), (b) 15 ml of a 24- to 48-hour culture of Bacillus polymyxa 
(from a small flask of the standard medium, 100 ml in a 500-ml Erlenmeyer, 
mcubated at 25 C), and (c) 15 ml of a 1 per cent solution of octadecanol in min- 
eral oil (stenhzed by heatmg m an oven for 1 5 hours at 160 C) 

The cotton plug of each flask was replaced with an aeration assembly (dcBcnbed 
belowO sterilized in a specially constructed galvamzed non can *\fter being 
connected to the compressed air hne and the flowmeter, the flasks were aerated 
at the rate of 64 hters per hour for 5 days at 25 C 

The imtial pH of the medium m lots 14 to 28 vaned from 6 0 to 7 6 (avg 7 3) 

On the third day of mcubation the pH was 6 0 to 6 6 (avg 6 3) and the potency 
159 to 286 (avg 203) umts per ml On the fifth day, the pH was 6 6 to 7 0 
(avg 6 8) and the potency 163 to 358 (avg 216) umts per ml 

The aeration assembly The aeration assembly consisted qf a 12-mch stain- 
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Icfcs fated m mlct tul)c (tli imetci 1 3G mdics) pacLed with glass wool (Corning 
no 800) and faoldcied to a 1 1-inch st unless steel tube (diametei 8 mm) by means 
of a steel disk The tubing of the smallei dumctci was pushed through a no 14 
rubbei stoppei until it leiched within a few" inches of the bottom of the flnsk 
At this end w as itt'icheil, by me ins of x sm ill section of lubber tubmg, a cylmdri- 
cal siiiteied gl iss dispeifaion tube (Coining no 12c) 



Fig 1 FER■\IE^T\TIO^ Umt fob Prodlctios of Poltiiyxin 


The air outlet consisted of a 7-inch stainless steel tube (diameter 1 36 inches) 
packed w'lth glass w ool, soldered as desenbed abox e to a shoit length (2 5 mches) 
of 8-mm stainless steel tubmg, and inseited by means of this into the same no 14 
stopper The an inlet tube w as connected to the an line by means of a no 7 
rubber stoppei and lubbei tubing, and the an outlet was connected to the 
flowmeter m the same mannei 

The sampling device consisted of a 16-inch length of stainless steel tubmg 
(8 mm m diametei) pushed thiough the large lubber stoppei and reachmg well 
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into the interior of the flask To the outer end w as attached, means of a aliort 
piece of rubber tubing, a bent (180-degree) tMo-iiaj pjrev stopcock Inline Ucd 
CMth sihcone grease The outei end of the stopcock was di iwn out to proi ule 
the samplmg nipple 

Aseptic sampling was achie\ed in the following way The iir outlet tube w is 
disconnected from the flowmetei and leplaced with a solid lubber stopper 
After a minute, sufficient piessure was built up m the flask to force Iirjiiid u[) 
through the steel samplmg tube and out the stopcock The hrst 10 ml wcic 
discarded Backflow, and contammation, weie piexented by shutting oil the 
flow while the solid rubber stopper was still in place 

The aeration assemblj'^ was secured to the flask b 3 " a gahanizcd non b ii icrov, 
the chameter of the no 14 stopper The bar was joined at cieli end to in iron 
collar aiound the neck of the flask, permitting tightening of the stoppei 

The flowmeter The flowmeter consisted of an open “U” tube with a gl I's 
“T” attached to one end One aim of the “T” was connected to the air outlet 
tube and the other to a short length of capillarj'^ tubing The “U” tube w is 
partially filled with either mineral oil or dibutyl phthalate colored with Sud in 
Each flask was connected to an individual flowmeter that was picviouslj 
calibrated wnth a w et-test gas meter 
Figuie 1 illustiates the complete fermentation assemblj’’ 

SUMIURI 

Certam nutritional and environmental factors influencing the pioduction of 
polymy\m by BaciHus 'polymyxa aie described The requirements foi laige-scale 
laboratory production and a complete assembly suitable foi this purpose ue 
described in detail 
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CimO^IOGENIC BACTERIA RELATED TO 
- BACTERIUM GLOBIFORMEi 
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Recently Conn and Dimmick (J Bact , 64, 291) in consideiing soil bacteiia 
similai in moiphology to Mycohaclei turn and Corynebactei turn have proposed a 
new genus, Aithiobacler, for the inclusion of soil types which, though lelated to 
Cat ynebactei lum, veie regarded as having characteristics sufficiently diffeient 
fiom those of the type species (the diphtheria organism) to wairant generic dis- 
tinction fiom the latter The accommodation of bacteria of the Baclei mm globi- 
forme gioup in a separate genus has much to commend it, by avoidmg undue 
extension of the commonly held definition of Coi ynebactenum while providing for 
an important gi oup of related forms More difference of opinion might be ex- 


CROP 

TOTAL BACTERIA (PERCENTAGE 1 

CaSOitOCENJC) i 

B CLOBEFORME GROUP ONLY (PERCENT 
ACE chromogenic) 

ConCroi soli 

Rbizospbere 

CoDtrol soil 

Rluzosphere 

Red clover 

12 1 

23 7 

0 0 ~ 

66 7 

Mangels 

12 1 

29 2 

0 0 

12 5 

Oats 

12 1 

22 9 

1 0 0 

50 0 

Tobacco 

1 7 

27 8 

0 0 

68 7 

Corn 

3 8 

33 3 

0 0 

0 0 

Flax 

7 7 

27 1 

0 0 i 

1 

11 8 


pected to arise out of the problem of specific distinction within the proposed 
genus Arthrobacter, and much voder surveys than have so far been reported appear 
to be required before differences within the group can be rightly assessed, con- 
sidering the pleomorphism and “unstable” physiology which seem to characterize 
many of the indigenous soil types 

The classification of the chromogenic (yellow) forms related to Bactenum 
globiforme appears to ment more attention than has been generally given Such 
foims appear to have been encountered much less frequently than nonchiomo- 
genic types, and indeed quite rarely by some investigate! s, though there is reason 
to beheve that they are common in soil They appear, however, to be largely 
associated vith the groivmg plant Hitherto unrepoited data, obtained dunng a 
study of the mfluence of plant growth on the character of the soil bacterial flora 
(Lochhead Can J Research, 18, 42), have shovm that the percentage of chi omo- 

^ Contribution No 254 (Journal Series) from the Division of Bacteriologj and Dairy 
Research, Science Service, Department of Agriculture, Ottawa 
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genic types of the Bacterium globiforme group (as determined bj nonsclectne 
isolation procedures) was markedly increased in the rluzospheie (see t iblo) 

In the experiments m question no chiomogemc cultmes of the BacUnum 
globiforme group were obtained from the control soils, isheieas 12 3 pei cent of 
aU strams of this group isolated from soil adhermg to the loots Mere jellou 
forms In the rhizospheie, there is, moreover, a prefeieiitiil stimuhtioii of 
chromogemc types in general 



FACTORS INFLUENCING THE PRODUCTION OF LIPASE BY 
MYCOTORULiV LIPOLYTICAi 
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Received for publication January 13, 1948 

Pasteurization of milk is known to destroy millc lipase that is essential in the 
normal ripemng of blue or Roquefort type cheese This study was imdertaken 
to deterrmne whether a microbial lipase smtable for possible use in the manu- 
facture of blue cheese from pasteurized milk could be produced and to furmsh 
information relative to the factors that influence hpase production by Mycotorula 
lipohjltca 

Among the many lipolytic microorgamsms reported in the literature, only 
four of those known to be highly hpolyt^c were considered m this study, namely, 
Achromobacter hpolyiicum, Alcahgenes hpolyitcus. Pseudomonas fragt, and M 
hpolyhea A hpolyiicum was identified by Huss (1908) as causmg rancidity in 
rmllc, and was studied further by Collins (1933), Long and Hammei (1938, 
1939), and Fonts (1939), all of whom reported that the orgamsm was highly 
bpolytic Long (1936) charactenzed Alcahgenes hpolyhcus, previously known as 
Bacillus abortus var hpolyhcus and Bacterium hpolyhcus (Evans 1917, 1918), 
and Long and Hammer (1938, 1939) showed its pronounced hpol 3 rtic effect 
upon stored butter P fragi was named and charactenzed by Hussong (1932), 
and Long (1936) and Long and Hammer (1938, 1939) demonstrated further the 
hpolytic activity of this orgamsm Harnson (1927) characterized M hpolyhea 
as capable of hydrolyzing fat Further studies on this microorgamsm were made 
by Long (1936), Long and Hammer (1938, 1939), and Fonts (1939), all of whom 
were able to demonstrate considerable lipase activity in milk, cream, and butter 

Relatively httle information concermng the factors that influence hpase 
production by microorgamsms was found in the hterature Weisbrodt (1927) 
and Naylor, Smith, and Colhns (1930) were able to mcrease hpase production of 
Penicilhum roquefoih by substitutmg ammomum chloride for sodium mtrate 
in Czapek’s medium as modified by Do\, and by adjusting the reaction to pH 4 5 
Thibodeau and Macy (1942) observed that sugar retarded the production of 
hpase by P roqueforh, but the presence of both agar and orgamc mtrogenous 
compounds increased hpase production 

After preliminary studies of the production of hpase by Achromobacter hpoly- 
heum, Alcahgenes hpolyhcus, P fragi, and M hpolyhea, the last orgamsm was 
selected for an investigation of the factors that influence hpase production 

METHODS 

The nutrient broth used as the basal medium for hpase production in most of 
the studies contained 5 g Difco peptone, 3 g beef e'rtract, 0 5 g glucose, 500 ml 

* Journal Paper J-1482 of the Iowa Agricultural Experiment Station, Project 895 
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distilled water, 230 ml 0 6 m Na 2 HP 04 12H20, and 270 ml 0 3 m CsHgO; H-O 
and the reaction was adjusted to pH 4 5 One drop of 24- to 4S-hour culture in 
htmus milk was added to 200 ml of sterile basal medium m a 500-ml Erlenmeyer 
flask stoppered with a cotton plug Cultures were grown at 30 C unless it is 
stated otherwise In the earher experiments the cultures for lipase production 
were shaken twice daily, but m later tnals the shaking \\as omitted, except at 
the time of samphng 

Tryptone glucose extract agar (American Pubhc Health Associabon, 1911) 
was used for pouring plates for the enumeration of orgamsms iVU plates were 
counted after being held for 48 hours at 30 C Methylene blue or gentian 
violet stam was used m prepanng shdes for the microscopic examination of cells 

For the quantitative determination of lipase activity, the butterfat-agar 
emulsion used contained 5 g butterfat, 0 25 g agar, 80 ml distilled water, 10 5 ml 
0 6m Na 2 HP 04 I 2 H 2 O, 4 5 ml 0 3 m CsHsO; HjO, and formaldehyde (1 1,500), 
and the reaction was adjusted to pH 6 5 The water, buffer, and agar were 
mixed, heated to bofling, cooled until the agar had sohdified, and tempered 
overmght at 45 C Butter was heated m boding water and the butterfat de- 
canted and tempered at 45 C overmght The butterfat and formaldehyde 
were added to the agar, and the mixture was shaken well and homogenized 
twice with a hand homogemzer so as to obtam a stable emulsion The emulsion 
was placed m clean 6-oz screw-cap bottles m 50-ml quantities, this being the 
amount that was used for each determmation of hpase activity Inoculations 
for hpase determmation were made at the rate of 2 per cent (1 ml) of culture or 
supernatant, as the case might be, followed by a 48-hour incubation period at 
37 C, with shakmg twice dady The control run on every active culture was 
identical in all respects to the active sample, except that the culture or superna- 
tant that was bemg tested for hpase activity had been heated to boding for 
15 minutes m order to destroy the hpase enzyme 

Titrations were made m dupheate on 10-g portions of the emulsions to which 
the heated and unheated material had been added To each weighed sample 
were added 50 ml of a 50 50 mixture of neutral 95 per cent ethyl alcohol and 
diethyl ether The free fatty acids were titrated with n/20 potassium hydroxide 
m absolute methyl alcohol, accordmg to the method of Bird (1946), using phcnol- 
phthalem as mdicator The difference m titration values between the active 
sample and the control was regarded as due to hpase activity Lipase activity 
was calculated and expressed m acid degrees, which are defined as the number of 
milliliters of n/1 sodium hydroxide reqmred to neutralize the free fatty acids in 
100 g of fat (Association of OfBcial Agricultural Chemists, 1910) 


RESULTS 

Prehmmary trials w ith five different grow th media showed that nutnent broth 
containmg 0 05 per cent glucose was most suitable for hpase production by 
M hpolyhea Reconstituted skim milk or whole homogemzcd milk, as well jj 
two partiaUy defined synthetic media, proxed unsatisfactory Further trial:, 
with nutnent broth, both vnth and without 0 05 m disodium phosphate plus 
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monosodium phosphate added and adjusted with n/1 hydrochloric acid or n/1 
sodium hydroxide to reactions ranging from pH 3 5 to 8 3, showed highest lipase 
production m the unbuffered medium when the imtial reaction was in the range 
from pH 4 5 to 6 5, and in the buffered medium when the imtial reaction was 
either pH 4 5 or 5 5 Over a growth period of 136 hours a shifting of the pH 
toward the allcahne side as a result of growth was observed in all media except 
those imtially at pH 8 3 

In a study designed to determine the suitability of different buffers as well as 
different concentrations of the buffers m question, two trials were conducted 
The results of one representative trial are shown m table 1 The results of both 

TABLE 1 


The xnfluenccs of various buffer pairs at different concentrations and pH levels upon lipas^ 
production and growth of M hpolytica 


aU7FZS PA22S 

BUFFER COH 
CENTRATION 
(UOLAL) 

pH 07 liEDlUM 

LIPASE ACnVlTYt PER 
ML OF CULTURE AFTER 
GROWTH PERIODS OF 

COUNT PER ML (iN MILLIONS) 
after GROWTH PERIODS OF 



48 

hrj 

72 

hr 

96 
hr 1 

144 hr 

48 hr 

72 

hr 

96 hr 

144 hr 

NaiHPO, 12H,0 

0 225 

7 5 

^^9 

32 

30 

13 

15 

12 

14 

11 

13 

4-KHjP04 

0 075 

7 5 

7 9 

31 

23 


11 

15 

18 

23 

14 

NaiHPOi 12HjO 

0 225 

1 

7 5 

8 0 

21 

26 


22 

1 1 

35 


12 

-f C^H.Ot h,o 

0 075 

7 5 

8 0 

31 

20: 


8 

13 

17 

21 

8 4 

NaiHPO, 12HjO 

0 225 

5 5 

6 0 

50 

50 


47 

13 

17 

1 

9 

8 6 

+ KHrPO* 

0 075 

5 5 

6 4 

42 

45 

32 

34 

24 

14| 

9 5 

7 1 

NaiHPO, 12H,0 

0 225 

5 5 

6 2 

40! 

45 

40 

36 

10 

12 


6 6 

+ h,o 

0 075 

5 6 

6 4 

52 

44 

42 

35 

31 

11 

6 7 

6 9 

CiH.OONa 3H,0 

0 225 

5 5 

8 4 

3 

14 

12 

4 

7 

12 

9 5 

3 7 

+ C2HxOOH j 

0 075 

5 5 

8 8 

31 

32 

23 

19 

26 

17 

9 3 

13 


* At 144 hr 

t Expressed as acid degrees 


tnals showed that the cultures grown m the presence of sodium acetate and 
acetic acid produced the least hpase, especially at the buffer concentration of 
0 225 M The phosphate and the phosphate-citrate both proved satisfactory 
and were more suitable for lipase production at pH 5 5 than at pH 7 5 The 
higher level of concentration of these two buffers proved more desirable, ap- 
parently since less shifting of reaction toward the alkalme side occurred over the 
144-hour growth penod Cultures grown at the lower buffer concentrations 
showed more rapid growth than those grown at the higher concentrations, but 
they shifted m reaction more rapidly Based on the results of both tnals, 
the disodium phosphate plus citric acid buffer at a concentration of 0 225 m 
was selected for additional studies 
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In further studies on the effect of pH upon hpase production by M hpohtica 
made after the useful influence of 0 225 m phosphate-citrate buffer upon hpase 


TABLE 2 

Additional studies of the influence of pH upon hpase production, growth, and shape of cdls 

of M lipohjHca 


(Results of two trials) 


pH op JtEDiUit 

LIPASE ACTIVITY* PER UL OP 
CDLTOEE 

COUNT PEH -a. (in ijillions) 

raEDoursxvr stupE or cells! 

Trial 1 

Trial 2 

Trial 1 

Trial 2 

4S-hour cultures 

3 5 

3 0 

2 0 

0 8 

0 7 

1 Short oval 

4 5 

1 28 0 

17 0 

2 8 

10 0 

Long oval, slender 

5 5 

1 33 0 

20 0 

1 21 

17 5 

Long oval, slender 

6 5 

25 0 

8 0 

3 0 

6 2 

Long, short oval 

7 5 

23 0 

7 0 

3 6 

2 3 

Long, short oval 

8 5 

10 0 

0 0 

1 3 

1 3 

Short oval 


72-liour cultures 


3 5 

1 0 

7 0 

1 6 

1 3 

Short oval 

4 5 

40 5 

44 0 

3 7 


Long oval, slender 

5 5 

35 0 

29 0 

3 5 

14 3 

Long oval, slender 

6 5 

34 0 

18 0 

22 

13 4 

Short oval, long slender 

7 5 

27 0 

14 0 

5 5 

6 8 

Short, long oval 

8 5 

15 0 

6 0 

3 1 

1 8 

Short oval 


96 hour cultures 


3 5 

12 0 

7 0 

4 6 

2 4 

Short oval 

4 5 

64 0 

44 0 

5 0 

18 0 

Long slender, filaments 

5 5 

43 0 

23 0 

3 5 

15 0 

Short slender, filaments 

6 5 

33 0 

21 0 

2 1 

17 0 

Long, short oval 

7 5 

24 0 

18 0 

5 7 

19 0 

Short, long oval 

8 5 

21 0 

6 0 

3 5 

4 4 

Short, long oval 


144-hour cultures 


12 0 

16 0 

3 9 

9 4 

Short oval 

52 0 

43 0 

5 5 

20 0 

Long oval, slender 

34 0 

24 0 

3 8 

7 7 

Long, short oval 

17 0 

19 0 

2 1 

50 

Short oval 

15 0 

7 0 

6 3 

9 6 

Short oval 

10 0 

5 0 

3 0 

5 9 

Short oval 


* Expressed as acid degrees 
t Examinations of first trial only 


production had been demonstrated, the results as shown m table 2 were obtaine 
The highest acid degree values were obtained at pH 4 5 when the culture had 
grown for 72 hours or longer, with pH 5 5 provmg best after growth for IS hours 
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and being somewhat less satisfactory when longer groi\ th penods ere employed 
Further tiials usually were conducted at pH 4.5, with a few at pH 5 5 

The influence of glucose concentration w as demonstrated m two tnals usmg 
buffered nutrient broth at pH 4 5 mth 0 0, 0 01, 0 05, 0 25, and 1 0 per cent 
glucose added to different lots Examinations w ere made for hpase production, 

TABLE 3 


The influence of glucose concenlralion upon hpase production, cell count, and shape of cells 

of M hpolytica 


PE» CXVT GLUCOSE 

LIPKSE ACTIVITY* 
PEE ML OF CULTOEE 

1 

pH OF medium! I 

1 

COUNT PEE ML (iN 

millions) 

PEEDOIUNANT SHAPE OF rr-TTJ; 

4S-hour cultures 

0 00 

16 

1 

47 i 

5 1 

Long slender 

0 01 

14 

4 7 

4 S 

Long slender 

0 05 

14 

4 7 

5 4 

Long slender 

0 25 

14 

4 7 

8 7 

Long slender, short oval 

1 00 

5 

4 7 

7 9 

Short oval 


72-hour cultures 


0 00 

30 

4 8 

3 5 

Long slender 

0 01 

23 

4 8 

3 3 

Long slender 

0 05 

23 

4 8 

3 5 

Long slender 

0 25 

23 

4 7 

8 7 

Short o\ al 

1 00 

12 

4 6 

8 0 

Short oval 


96-hour cultures 


0 00 

24 

4 9 

4 2 

Long slender 

0 01 

24 

4 9 

4 7 

Long, short oval 

0 05 

24 

4 9 

5 1 

Long, short oval 

0 25 

19 

4 7 

7 2 

Long, short oval 

1 00 

16 

4 6 

6 5 

Long oval 

144-hour cultures 

0 00 

22 

5 2 

5 2 

Long oval 

0 01 

21 

5 2 

6 5 

Long, short oval 

0 05 

22 

5 2 

6 9 

Long, short oval 

0 25 

19 

5 0 

S 5 

Long, short oval 

1 00 

17 

4 8 

7 4 

Long oval 

* Expressed ; 

as acid degrees 





t At tune enzyme concentration was determined 


cell count, and the morphological characteristics of cells after growth for 48, 72, 
96, and 144 hours The results of one representative tnal are shown m table 3 
The absence of glucose or the presence of low concentrations resulted m earher 
and more rapid hpase production Concentrations of 0 25 and 1 00 per cent 
glucose retarded the production of hpase, the effect bemg more pronounced at 
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the higher concentration of sugar The presence of glucose up to 0 05 per cent 
was more satisfactory than greater concentrations for highest lipase production 
over the period studied 

The effect of temperature upon lipase production was studied using nutrient 
broth contammg 0 05 per cent glucose and buffered at pH 4 5 nith growth 
temperatures of 21, 25, 30, and 36 C Examinations for hpaso production 
and the population of cells were made after growth periods of 48, 72, 96, and 

TABLE 4 


The. influence of different growth temperatures on the production of lipase and the growth 

of M lipolytica 


GKOWTH TEUPERATUSE 
(C) 

LIPASE ACnVlTV^ PER ML 0? CTJLTUSE 

COUNT PEX ML (iN MILLIONS) 

1 Tnal 1 (pH 4 5) 

Trial 2 (pH S4) 

Trial 1 (pH 4 5) 

Trial! (pU5J) 

48 hour cultures 

21 


4 0 

1 2 

0 9 

25 


15 5 

4 4 

1 9 

30 


39 0 

2 8 

1 5 

36 

1 0 

1 0 

0 2 

0 2 

72 hour cultures 

21 

14 0 

9 0 

3 4 

1 9 

25 

18 5 

25 0 

5 1 

4 7 

30 

39 5 

34 0 

4 1 

1 4 

36 

5 0 

1 0 

0 3 

0 01 

96'liour cultures 

21 

30 5 

17 0 

3 3 

1 6 

25 

17 0 

25 0 

6 7 

1 6 6 

30 

44 0 

46 0 

4 1 

0 9 

36 

11 0 

1 0 

0 3 

0 01 

144-hour cultures 

21 

38 0 

24 0 

5 6 

1 5 

25 

32 5 

33 0 

12 0 

7 7 

30 

46 5 

54 0 

1 8 

1 4 

36 

3 5 

0 0 

0 4 

0 05 

* Expressed as 

acid degrees 





144 hours A second tnal was run in the same manner, except that the medium 
was adjusted to pH 5 5 The results of the two trials are shown m table 1 
The results of both tnals showed 30 C to be the optimum for lipase production 
Growth was most rapid and total population the greatest m cultures held at 
25 C and this temperature was second only to 30 C m favoring lipase production 
An ilicubation temperature of 36 C defimtely was mhibitory to both gronth 
and hpase production, whereas hpase production was somewhat retarded a 
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21 C but eventually leached levels that compaied favoiably with the optimum 
A senes of tiials m which the yeast was giown undei diffeient oxidation- 
1 eduction conditions was conducted In the fiist tiial, 1 2 ml of a 10 per cent 
solution of methylene blue was added to 1,200 ml of nutrient broth, buffered 
at pH 5 5 The medium was divided into five equal portions, inoculated, and 
the poitions were tieated vaiiously The contiol cultuie was shaken twice 
daily Bacteiia-free filtered air was bubbled thiough the second culture at a 
slow late fiom a sinteied glass gas-washing head To each of three additional 


TABLE 5 

The influence of oxidation reduction conditions upon lipase production 
and growth of M hpolyttca 


VASIAQLE FACTOR 

j 

LIPASE ACTlVrrV* 

PER ML OF CUL 

TURE 

COOUT PER ML 

(in millions) 

COLOR OF MEDIUMf 

PREDOMINANT SHAPE OF CELLS 

48-hour cultures 

1 

Control 

1 

8 0 

3 5 

Blue 

Long oval 

Aeration 

4 0 

14 0 

Blue 

Short oval 

Ascorbic acid 

3 5 

2 7 

Yellowish green 

Short oval 

Cysteine 

14 0 

5 8 

Blue 

Long oval 

Thioglycolic acid | 

11 0 

6 5 

Yellow 

Long oval 

96-hour cultures 

Control 


9 3 

Blue 

Long oval 

Aeration 

6 0 


Blue 

Short oval 

Ascorbic acid 

22 5 


Greenish yellow 

Short, long slender 

Cysteine 



Green 

Long oval 

Thioglycolic acid 



Yellow 

j Long oval 

144-hour cultures 

Control 

32 5 

8 2 

Blue 

Long oval, slender 

Aeration 



Blue 

Short oval 

Ascorbic acid 1 



Greenish yellow 

Short, long slender 

Cysteine 


■81 

Green 

1 Long oval 

Thioglycolic acid 

\ 31 5 

■H 

Light green 

Long oval 


* Expressed as acid degrees 

t Used as indicator of oxidation-reduction conditions 


lots, ascorbic acid, cysteine, and thioglycolic acid, respectively, were added to 
the medium to give a concentration of 0 02 per cent These cidtuies were 
shaken twice daily Examinations for lipase production, cell count, color 
changes of methylene blue, and shape of cells weie made aftei growth for 48, 
96, and 144 houis The results are shown m table 5 Aeration defimtely 
restiicted lipase production, but the addition of cysteine incieased lipase pro- 
duction slightly above that of the contiol The beneficial effects of ascorbic 
acid and thioglycolic acid were doubtful 













T \.BLE 6 

The xnjluencc of shaking cullitrcs upon the production of hpast,, groulh, and 
shape of cells of M lipobjlica 


VA 31 IABLE FACTORS ' 

LIFASE ACnm\* 
PER ilL OF 
CULTURE ' 

COUNT PER ML 
OF CULTURE 
{t>J illTLIONS) 

! 

PREtX)MI\ VN^T SH \VZ OF CELLS 

1 

1 

1 Trial 1 

Trial 2 | 

Trial 1 

Tna\2 | 

1 Trial 1 

Trial 2 




48-hour cultures 


a Shaken every 
12 hours 1 

15 ! 

1 

21 5 

6 8 

1 

13 

Short, long oval ; 

Long o\ il 

b Shaken every j 
48 hours 

66 

38 

30 

i 

28 

Long slender 

Long slender 


96 hour cultures 


a Shaken every 
12 hours 

b Shaken every 
48 hours 

34 

35 5 

26 

22 

11 

30 

11 

28 

Long oval, slender 

Long slender 

Long, short slender 

Long, short blender 




144-hour cultures 


a Shaken every 
12 hours 

43 

21 

1 

9 

6 3 

Long oval, slender 1 

j Long, short slender 

h Shaken every 
48 hours 

22 

j 

14 

38 

47 

i 

Long slender 

Long, short o\ il 


* E\pressed as acid degrees 
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m 

Fig 1 M-ICOTORI-I^ UPOL-ITICV, 4S-H017R Cui-TLKI IN NLTmtNT^]3ii»n^^ 

Culture a (at left), shaken e\erj 12 hours, contains 

tmU equivalent to 15 acid degrees per nil of supenia , (rnignifn-d 

right), shaken everj IS hours, contains mostlj *°*\k ,„prn it mt culture iin.dium 
Lipase actiN itj equi\ alent to 66 acid degrees per ml of s p 


5SS 





1948] 


PRODUCTION OF LIPASE 


589 


In a further study on the influence of aeration upon hpase production, two 
tnals were made with nutrient broth buffered at pH 4 5 Culture a was shaken 
every 12 hours whereas culture b was shaken every 48 hours Exanunations for 
hpase production, population, and shape of cells were made after 48, 96, and 
144 hours of growth The results are showm m table 6 Greater hpase activity, 
as measured by acid degree values, was obtamed from culture b, which was 
shaken only every 48 hours, than from a, shaken every 12 hours Acid degree 
values at 144 hours were m favor of the cultiues shaken every 12 hours, but the 
best values at this time were lower than those at 48 hours The ceU population 
was much greater, even m the earher stages, for the cultures shaken less fre- 
quently 

Throughout the study high hpase activity generally was associated with the 
presence of long oval or slender cells and commonly a somewhat smaller popu- 
lation of org anisms Rapid growth, resultmg m high ceU counts imder conditions 
such as the presence of 1 per cent glucose, optimum growth temperature (25 C), 
and aeration, gave a predominance of short oval cells and the accumulation of 
little hpase The data m tables 2, 3, 5, and 6 show this relationship Figure 
la show s typical short and long oval ceUs from a preparation the hpase activity 
of which was eqmvalent to 15 acid degrees (culture a, 48 hours, table 6), and 
figure 16 shows the long, slender cells from a preparation m the same senes 
havmg a hpase activity eqmvalent to 66 acid degrees (culture 6, 48 hours, table 6) 
In some instances the differences m morphology were even more pronounced 

DISCUSSION 

The data show that hpase production by M hpolytica can be influenced 
markedly by vanations m the conditions imder which the culture is grown 
The absolute values of paraUel tnals do not agree closely m some instances for 
reasons as yet unknown, but the data indicate similar trends m quantitative 
relationships m repetitive tnals Although the data must be considered pre- 
limmary because of the many possibihties that were not mvestigated, the mdi- 
cations are that a complex orgamc growth medium well buffered at a reaction 
of about pH 4 5 IS most smtable for the production of hpase The nature of the 
buffermg salts is important The pronounced effects of vanations m the com- 
position of the medium mdicate the desirabihty of further studies of this aspect 
of the problem 

Temperature has a pronoimced effect upon the production of the hpase, 
apparently pnncipaUy because of its influence upon cell proliferation At 36 C 
the orgamsm fails to grow, and hpase production either is minimal or cannot 
be demonstrated At 21 C growth is slow, but both ceU population and hpase 
concentration mcrease at somew'hat comparable rates durmg the early part of 
the growth period In the temperature studies, the total amount of hpase 
present seems to be partially a function of the time durmg which the population 
has been at a high level, e g , the factor of secretion per cell per umt period of 
tune apparently is important m determimng the total enzyme concentration 
under the circumstances of this portion of the study 
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The degree of aeration of the culture determines [to a considerable degree the 
amount of hpase produced, as bubbhng stenle air through the culture or sh iking 
the culture repeatedly reduces hpase production, although populations of cells 
are mcreased On the other hand, the addition of reducing agents, such as 
cysteme hydrochloride, thioglycohc acid, or ascorbic acid, to the culture medium 
caused no marked increases in hpase production, although the cell populations 
usually were increased over those of the controls The addition of these reducing 
agents qmte defimtely brought about no increase in enzyme production per 
cell per imit of tune These data would seem to indicate that somew hat aerobic 
conditions are needed for hpase production by this orgamsm 

The presence of sugar in amounts exceeding 0 05 per cent proved detriment il 
to hpase production, a finding which is in agreement n ith the results of Thibodeau 
and Macy (1942) in their studies on hpase production by P roqueforli In 
the present studies the medium was buffered sufficiently to minimize shifts in pH 
The effect of the sugar probably was not that of permitting the building up 
of detrimental concentrations of specific orgamc amons, because continued 
incubation in the medium contaming the higher concentrations of sugar resulted 
m comparatively more favorable hpase production, possibly this nas becuisc 
of the reduction of sugar concentration as the result of use by the organisms, 
but data upon sugar utihzation were not obtained 

Although conditions favorable for optimum growth of the organism foiled to 
produce an accumulation of hpase m the medium, slight modifications of en- 
vironments resultmg in a somewhat retarded growth rate usually were ac- 
compamed by an mcreased amount of hpase in the medium Whether hpase 
IS produced m all mstances, but accumulates only under certain conditions of 
cultivation of the orgamsm, would require further investigation The asso- 
ciation of higher hpase production with a change in morphology to predominantly 
longer and more slender cells, as the result of any one of several apparently 
unrelated modifications of cultural conditions, may mdicate a possible common 
basis for the mcreased enzyme production No hint as to iihat this basis might 
be was obtamed 

By utilizing the avadable information on factors that influence lipase pro- 
duction by il/ lipolytico, liquid preparations contaming a relatively high con- 
centration of hpase were obtamed 


SUMMARY AND CONCLUSIONS 

Of the five grouth media tried, nutnent broth contaimng 0 05 per cent glucom 
was most smtable for hpase production by Mycolorula lipolylica 

Lipase production by M hpolytica was mcreased further by the addition of 
0 225 M disodmm phosphate plus citric acid buffer to the nutrient broth i ith a 
reaction of pH 4 5 to 5 5 An equal addition of disodmm phosphate plua mono- 
potassium phosphate gave similar high results A buffer ot sodium acetate 
plus acetic acid Mas unsatisfactory 

Grmvth at 30 C uas optimum for the production of lipase b^ U lipolylica 
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The accumulation of lipase m the medium was favored by growmg the culture 
without shakmg or aeration, but added reducing substances had little or no 
effect 

In general, short oval cells and low lipase activity were associated with con- 
ditions favorable for lapid growth, whereas long slender cells and high lipase 
activity were associated with conditions slightly less favorable for growth 
By the utilization of proper cultural conditions, preparations of high lipase 
activity were obtained from M hpolyhca 
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In the preceding paper the factors influencing the production of lipase by 
Mycotorula hpolyhca were discussed (Peters and Nelson, 1948) The consider- 
able increase in lipase production under proper conditions of growth of the 
culture warranted a study of the characteristics of the enzyme This lipase 
may be of particular interest because of the possibility of its useful application 
m the cheese-makmg industry, especially m the manufacture of blue or Roquefort 
type cheese from pasteurized milk 

Although considerable information is available dealing with the character- 
ization of ammal and vegetable lipases, little work seems to have been done on 
microbial lipases Avery and Cullen (1920) found that pneumococcus lipase 
hydrolyzed tnbutyrm most actively at pH 7 8, whereas Stevens and West 
(1922) reported that hemolytic streptococci showed greatest hpase activity at 
pH 7 9, with ethyl butyrate as substrate The enzyme produced by streptococci 
was mactivated by exposures to temperatures above 55 C for 5 minutes 
Gorbach and Guentner (1932) found the lipase of beer yeast to be most active 
at pH 6 6 to 6 8 This hpase showed optimum activity at 30 C, with higher 
temperatures provmg detrimental to the enzyme The same workers also 
observed that the rate of hpase activity decreased with tune and that the amount 
of olive oil hydrolyzed was not directly proportional to the amount of beer- 
yeast hpase present, although there was a pomt of optimum activity per umt of 
hpase Thibodeau and Macy (1942) reported that hpase from Penictlhum 
Toqueforh showed optimum activity at pH 5 3 to 7 5 

The concentration and purification of lipases from various sources has been 
accomplished by several methods, of which precipitation of the enz 3 nne with 
certain salts seemed most satisfactory Gyotoku and Terashima (1930) were 
able to precipitate hpase of blood, pancreas, and stomach by the use of a 55 to 60 
per cent concentration of ammonium sulfate, whereas Ghck and Kmg (1933) 
used, with varymg success, magnesium sulfate, half and fully saturated am- 
momum sulfate, and 10 per cent sodium chloride as precipitatmg agents 
Ostwald and Mischke (1940) were able to concentrate pancreatic hpase from 
solutions at pH 4 5 by contmuous bubblmg of nitrogen gas through the solution 
and the collection of the foam 


METHODS 

The medium for lipase production, the growth conditions, the determmation 
of pH, and the quantitative deternunation of hpase activity were the same as 
reported in an earlier paper (Peters and Nelson, 1948) 

* Journal Paper J-1481 of the Iowa Agricultural Experiment Station, Project 895 
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Cell-free preparations were obtained by first centrifuging 3 day-old nutrient 
brotb cultures of M hpohjlica at 3,500 rpm for 15 minutes and then filtering 
the supernatant through an ultra-fine smtered glass (pyre\) filter itli the iid 
of suction 

The lyophihzed matenal iias prepared by placing a 200-ml quantity of a 
3-day-oId broth culture of M hpolyhca m a 500-ml round-bottom flask with 
ground-glass stopper The culture was frozen while the flasle w as being rotated 
m an acetone dry-ice bath The flask containmg the frozen culture w as e\ acu- 
ated by the use of a vacuum pump, resulting m sublimation of the ice in the 
frozen culture The water vapors were extracted by contmuous suction and 
condensed and frozen m another flask, which w^as held m an acetone dry-icc bath 
In the concentration of hpase by foaming, 3-day-old broth cultures were 
centrifuged and the supernatant was placed m 100- or 200-ml quantities into 
225- or 500-ml gas-washmg bottles, respectively Foaming was produced by 
bubbhng compressed carbon dioxide gas through the supernatant at from 50 to 75 
mm mercury pressure The foam was collected in graduated cylinders of a 
size convement to permit the collection of the desired volume of foam In the 
experiments on repeated foammg, the third and fourth fractions w ere diluted by 
addmg distilled water and acidified with hydrochlonc acid to pH 4 0, to obtain 
the desired volume of 200 ml for further fractionation 
The precipitation of hpase with ammomum sulfate and ethyl alcohol was 
performed on 3-day-old broth cultures, which were centrifuged and the super- 
natant used m 400-nal quantities To 400 ml of supernatant in a 1-litcr sepa- 
ratory funnel was added ammomum sulfate to the saturation point (about 200 g) 
Next, 130 ml of 95 per cent ethyl alcohol were added and the muxture was well 
shaken The flocculent precipitate gathered at the water-alcohol interface 
After the aqueous layer was drawn off, the precipitate and the alcohol layer 
were decanted onto a previously weighed hardened filter paper, supported in 
a Buchner funnel Suction was applied to the flask and the alcohol filtered 
off A 10-ml quantity of diethyl ether was added to remove the residual alcohol 
The filter paper was freed from the last traces of ether by placing it at 37 C 
for 2 hours The dry precipitate on the filter paper w'as w'eighed and its lipase 
activity measured 

RESULTS 

The data m table 1 show that the pH of the emulsion upon w hich the enzyme 
acts has a defimte effect upon the activity of the lipase Although hydrolysis 
of fat took place over the pH range from 4 0 to 8 0, greatest hpase activity took 
place at pH 6 2 to 6 5 The decrease m lipase activity was more abrupt on the 
alkahne side of the optimum than on the acid side 

In five tnals m w'hich pasteurized bomogemzed milk was substituted for 
butterfat-agar emulsion as substrate (and for which data are not shown), acid 
degree values rangmg between 47 and 87 were obtained, causing a lowering 
of the reaction of the milk by as much as 0 9 of a pH umt in some case. Thi c 
results demonstrate the activity m milk of lipase from M lipolylica 
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The influence of various incubation temperatures upon the activity of the 
lipase from M hpolyttca is shown m tables 2 and 3 Optimum activity was 
demonstrated at 28 and 33 C Inactivation at 43 C is apparent after 30 hours 
of incubation tune, but at 37 C a 54-hour period was required to produce a 

TABLE 1 


The influence of pH upon M hpolyttca lipase activity 


pH or SOBSTKATE 

LIPASE ACnVlTV* PEP UL OP ENZYUE PEEPASATION 

Trial 1 

Trial 2 

4 0 

16 

— 

4 5 

22 

— 

5 0 

24 

— 

5 5 

26 

— 

6 0 

32 

36 5 

6 2 

40 

40 

6 4 

— 

34 5 

6 5 

55 

— 

6 6 

— 

25 5 

6 7 

37 

— 

7 0 

31 

22 5 

7 5 

15 

— 

8 0 

12 

— 


* Expressed in acid degrees 


TABLE 2 

The influence of temperature and time upon M hpolyttca lipase activity 
(Average of two trials) 


XEACnOKTIME 

INEOUES 

LIPASE ACTIVITY* ATTEE VABIOCS INCUBATION PERIODS AT TEMPEEATDBES OF 

28 C 

33C 

37 C 

43 C 

6 

11 0 


5 

9 

0 

12 


18 

20 0 

19 

5 

14 

0 

15 

0 

30 

22 5 

27 

5 

19 

5 

16 

5 

42 

35 5 

32 

5 

28 

5 

18 

0 

54 

43 0 

41 

0 

31 

0 

18 

0 

66 

45 0 

43 

0 

30 

0 

17 

0 

78 

49 0 

48 

5 

31 

5 

20 

0 

102 

62 5 

63 

0 

34 

0 

20 

5 

126 

70 0 

72 

5 

36 

0 

23 

0 

150 

74 0 

73 

5 

33 

0 

19 

5 


♦ Expressed as acid degrees per milliliter of enzyme preparation 


distmct mactivatmg effect Other trials showed that temperatures above 43 C 
resulted m earher mactivation of the enzyme A temperature of 52 C was 
sufficient to mactivate the hpase withm 8 hours The imtial rate of hpase 
activity at 10 C was shghtly lower than at 21 to 33 C (table 3) However, 
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results obtained after an incubation penod of 810 hours at 10 C shoived acid 
degree values comparable to those of samples held at 21 C The temperature 
of 10 C was chosen because blue cheese npenmg takes place at approMmatelv 
this temperature 

The data presented m table 4 show that, when various dilutions of a con- 
centrated enzyme preparation (broth culture concentrated to one-fourth original 

TABLE 3 


The influence of lower temperatures and prolonged holding time upon 
M hpolytica lipase activity 


TXMEDfHOraS 1 

LIPASB Acnvrtv’ ATIE* lAIlODS DICUBATIO'I PZXIODS AT lEMPESATOaiS Or 

1 

1 

10 C 

21 C 

2SC 

JSC 

18 

8 

12 

11 

16 

66 

— 

22 

23 

23 

114 

13t 

27 

26 

25 

162 

20 

33 

29 

26 

306 

27 

40 

— 


450 

28 

29 

— 

— 

810 

40 

46 

_ 

— 


* Expressed as acid degrees per nuliiliter of eusyme preparation 
t At 90 hours 


TABLE 4 

The influence of varying amounts of M hpolytica lipase preparation 
(concentrated by lyophilizing) upon lipase activity 
(Average of two tnaJs) 


AMOUNT 01 CONCENTIATK USSD (UL) 

UTASS ACmiTT* AS 

Beterzmoed per lacreiseut u^ed 

C&IcuUted per ml of coaceatr&te aied 

0 01 

5 

500 

0 03 

7 

233 

0 05 

9 

ISO 

0 1 

15 

150 

0 2 

20 

97 5 

0 4 

32 5 

81 

0 8 

42 

52 


* Expressed as acid degrees per milliliter of enzyme preparation 


volume by lyophilizing) were used m the quantitative determmation of lipase 
actuuty and the results calculated back to a basis of total activity per milliliter 
of origmal preparation, the calculated values for hpase activity w ere considerably 
higher when the smaller quantities of preparation were used 

Storage m well-filled screw -cap test tubes of cell-lrce filtrates containing 
hpase showed that a temperature of 3 to 5 C v as more satisfactoj-j lor the 
preservation of the enzyme activity than was a temperature 23 to 25 C (unle 
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5) The results of two trials were closely comparable Other studies showed 
that the addition of cysteine did not prove advantageous for the preservation 
of lipase activity durmg storage 

Concentration of M hpolylica cultures by lyophihzmg, either partially or to 
complete dryness, resulted in considerable concentration of the lipase enzyme, 
as shown m table 6 However, lyophihzed portions eqmvalent to 1 ml of the 
origmal culture yielded acid degree values about one-half of the values of the 
origmal culture m two cases, and only one-third of the ongmal value m one 
case Contmued lyophihzmg up to the change from liquid to solid state of the 
culture resulted m a sticky, gluey mass which was difficult to handle but which 

TABLE 5 

The influence of storage temperaluTe, lime, and the presence of cysteine 
upon M hpolylica lipase activity 


LIPASE ACTIVITY* AJTEE STORAGE TIME IN DAYS 


STORAGE COhDITIOH 

Trial 1 

Trial 2 

0 

4 

106 

0 

4 

96 

a- 5 c 

25 

22 5 

22 

32 

26 

28 

23-25 C 

25 

17 5 

13 

32 

26 

16 

23-25 C and cyateme 

25 

21 0 

14 

32 

IS 

16 


* Expressed as acid degrees per milliliter of enzyme preparation 


TABLE 6 

The effect of lyophihzmg treatment of M hpolylica cultures upon its lipase activity 


XTEU STUDIBO 

1* 

TRIAL NUMBER 

2* 

3 

Acid degrees per ml of original culturef 

36 

70 

54 

Original weight of culture! 

200 g 

183 g 

190 g 

Weight of culture after lyophihzmg 

SOg 

31 g 

12 g 

Acid degrees of 1 ml equiv of orig culture 

19 

24 

26 

Acid degree ratio of orig to lyoph culture 

2 1 

3 1 

2 1 


* Incompletely dried t Calculated as 1 ml = 1 g 


dissolved readily m distilled water or m phosphate buffer solutions, and was 
possessed of high enzyme activity per umt mass 

Prehminary tnals on the concentration of hpase by the foaming procedure 
at 0 5-umt mtervals from pH 4 0 to pH 7 0 gave the highest concentration of 
hpase m the foam portion and the lowest concentration m the residual portion at 
pH 4 0 Accordmgly, this pH level was used in further experiments on repeated 
foammg The results of two tnals are shown m table 7 Although the first 
fractionation did not result m an increase m hpase concentration, as judged by 
the acid degree values obtained, further fractionations resulted in mcreases m 
hpase concentration Either the removal of the hpase by 50 per cent fraction- 
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ation practicaUy complete, or the hpase m the residue i\as destrojed, smco 
the residues showed httle or no hpase activity The mcrease in acid dearee 
values in the two tnals was approximately 250 per cent m each case The 

hpase remaimng m the final foam fraction represented about S per cent of the 
mitial hpase activity 

In prehminary tnals m which magnesium sulfate, ammomum sulfate, and 
sodium chloride were used as precipitatmg agents, precipitation of a lipase-active 


TABLE 7 


The influence of repeated foaming upon the concentration of hpase produced by 

M lipolyhca 


NXrjBEttS OE 
FEACTIONATION 

VOLUME OP PRACTIOV 
(lO.) 

LIPASE ACTIVIIV* PEK la OP 

Liquid foam 

1 Residue 

Trial 1 

Tml 2 

Trial I 

Trial! 

Original 

800 

27 

24 

27 

21 

1 

400 


24 

3 

4 

2 

200 

26 1 

34 

1 

3 

3 

100 



2 

0 

4 

50 



0 

4 

5 

25 

67 


0 

1 


* E\presaed as acid degrees per milhhter of enzyme preparation 


TABLE 8 


The influence of temperature during the salting out with ammonium sulfate and ethyl alcohol 
upon the hpase activity of the precipitate 


ITEMS STUDIEO 

rUAL 1 

TSIAL 2 

6C 

21 C 

6C 

21 C 

Acid degrees per ml of original supernatant 

25 

25 

23 

23 

Total weight of precipitate (g) 

0 2 

0 2 

0 16 

0 18 

Acid degrees per 0 03 g of precipitate 

21 

6 

44 


Calculated acid degrees per total precipitate 
Calculated per cent recovery of original total 

140 

40 

300 

36 

lipase activity 

1 4 

0 4 

3 0 

0 36 


substance occurred only m saturated solutions of ammonium sulfate The 
data m table 8 show the results of two trials in which the hpase-active substance 
V as precipitated by means of ammomum sulfate and ethyl alcohol, as described 
imder “Methods,” usmg temperatures of 6 and 24 C Mthough an active 
preparation was obtained at each temperature, Ithe results are much in favor of 
the lower temperature The hpase activities of the precipitate obtained at 
6 C were 250 and 730 per cent greater than the activities of the correoponding 
precipitates prepared at 24 C In either case the enzyme recoa ered represented 3 
per cent or less of the onginal hpase activity 
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DISCUSSION 

The lipoljdiic enzyme system of M hpohjltca has its optimum activity at 
pH 6 2 to 6 5, a lange that relates the enzyme to the lipases of the yeasts and 
molds that have been studied in this respect, rather than to the bactenal hpases 
that are most active at somewhat alkaline reactions The lipase of M hpolyhca 
IS active over the entire range in which blue cheese ripemng takes place, namely, 
pH 4 7 to 6 5 (Coulter, Combs, and George, 1938), and thus might be expected 
to be able to bring about considerable hydrolysis of butterfat during the ripemng 
process of cheese of this t 3 rpe 

Although the optimum activity of the enz 3 mie upon butterfat is at 28 to 33 C, 
the considerable activity at 10 C demonstrates the probability that the enzyme 
would be active m cheese curd at that temperature The use of temperatures of 
approximately 32 C, as commonly mamtamed during the cheese-making process 
until hooping of the curd, would favor early enzyme activity 

Inactivation at temperatures of 42 C and above should result m no dofficulty 
in cheese malang as long as proper temperature levels are mamtamed durmg 
the cheese-malang operation foUowmg the addition of the enzyme to the pasteur- 
ized milk In a similar manner, the storage of cell-free enzyme preparations 
at low temperatures, such as 3 to 5 C, should aid m mamtaimng the strength 
of the lipase m solution, although a shght drop m activity may be expected 
on prolonged holdmg 

With respect to the concentration and purification of the enzyme system, 
all three methods employed resulted in large losses of total hpase activity 
Lyophihzmg was least detrimental to the enzyme, whereas fractionation by 
either foarmng or salting-out at room temperature resulted m the greatest losses 
of hpase The use of lower temperatures durmg foammg might very possibly 
decrease the extent of inactivation durmg the process, as was observed m the 
trials on saltmg-out of hpase with ammomum sulfate and ethyl alcohol Further 
work would be necessary m order to obtam a more complete picture of this 
situation 

The observed characteristics of the enzyme mdicate that it may be of consider- 
able value in the manufacture of blue or Roquefort-type cheese from pasteurized 
milk as a replacement for the normal milk hpase destroyed in pasteunzation 

SUMMARY AND CONCLUSIONS 

Lipase activity on butterfat over a range of reaction from pH 4 0 to pH 8 0 
was demonstrated for hpase obtained from Mycotorula Ivpolyhca, with pH 6 2 to 
6 5 bemg opt imum 

Lipase activity on butterfat was demonstrated at temperatures from 10 to 
52 C, temperatures of 37 C and above mactivated the enzyme, the reaction 
being more rapid at the higher temperatures studied 

A storage temperature of 5 C was much superior to 25 C for preservmg the 
enzyme m cell-free preparations, activity bemg mamtamed at a high level for at 
least 3 months when storage was at the lower temperature in closed contamers 
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Lyophilized enzyme preparations retamed about half their original total 
lipase activity 

Considerable concentration of hpase by foaming was demonstrated, large 
losses of enzyme activity occurred durmg the process 

The saltmg-out of lipase with saturated ammonium sulfate plus 30 per cent 
ethyl alcohol resulted m a white precipitate high m hpase activity 
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A study was undertaken to determme the nutntive requirements of certam 
strains of Streptococcus bovis that have been isolated from both bovme and 
human sources These strains have been found to differ somewhat with respect 
to their action on blood agar from the so-called “typical” Streptococcus bovis 
found commonly m the alimentary tract of cows The bovme strains used m 
this study w ere isolated from the throats of yoimg calves, but similar types also 
occur frequently m the mtestmes of cows The human str ains were isolated 
from cases of subacute bacterial endocarditis 

It was found that this organism has the simplest nutritive requirements of 
any of the streptococci thus far studied 

CULTIIBZS AND TECHNIQUE 

The cultures employed throughout the study consisted of 8 human strains 
isolated from subacute bactenal endocarditis and 7 bovme strains isolated from 
the throats of young calves The physiological characteristics of these organisms 
are given m table 1 It should be noted that these organisms are of the “m- 
different” type on blood agar, whereas most strains of the “typical” Streptococcus 
bouts produce an alpha or greemng reaction 

The techmque used throughout this study was essentially the same as that 
previously reported (Smiley, Niven, and Sherman, 1943) A 24-hour meat 
infusion broth culture was used for moculation, and transfers mto the expen- 
mental media were made usmg a fine wire needle Whenever growth occurred, 
one or more subcultures were made mto the same medium at 24-hour mtervals 

GROWTH FACTOR REQUIREilENTS 

The basal medium used m determinmg the growth factor requirements was 
composed of 0 5 per cent acid-hydrolyzed, vitamm-free casern, 1 0 per cent 
glucose, 0 6 per cent K:HP 04 , 10 mg per cent sodium thioglycolate, 10 mg per 
cent n-tryptophan, 10 mg per cent L-cystme, and salts (table 3) The medium was 
adjusted to pH 7 2, tubed m 5-ml quantities, and autoclaved at 15 pounds 
pressure for 15 min utes The cultures were meubated at 37 C and the growth 
response vas measured with a photoelectnc densitometer at approximately 
24- and 48-hour mten'^als 

No observable growth occurred m the basal medium alone, but the addition 
of the known vitamms of the B complex afforded luxuriant growth Upon the 
ehmmation of each of the vitamms mdividually, it was found that biotm was 

' Present address Researeh Department, American Meat Institute, The Umversity of 
Chicago, Chicago, Illinois 
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required for the imtiation of growth of aU strains tested Thiamine w as found to 
stimulate growth greatly, although all strains could be successfully subcultured 
m a medium that did not contam this vitamm That the medium was not 
bemg contammated with thiamme was demonstrated by the fact that it would 

TABLE 1 


Physiological characlenstics of Slreptococcus bovis strains 


CHASACIEilSTICS 

HtJUAS 
(8 5T2AISS) 

JiOS'lSZ 
(7 STIAISS) 

Blood agar 

Indifferent 

Indifferent 

Growth 



10 C 

_ 


45 C 

+ 

+ 

40% bile 

+ 


6 5% NaCl 



Survives 60 C, 30 mm 

+ 

+ 

Curdles milk 

+ 


Strong reducing action 

— 

— 

Fmal pH, glucose broth 

4 0-4 2 

1 0-4 2 

Hydrolysis 



Starch 

+ 

+ 

Arginine 

— 

- 

Sodium hippurate 

— 

— 

Esculm 

+ 

+ 

Mucoid colomes, sucrose agar 

+• 

-b* 

Fermentations 

1 


Arabinose 

— 

G+,1- 

Xylose 

— 

— 

Glucose 

+ 

+ 

Maltose 

+ 


Lactose 

+ 

+ 

Sucrose 

+ 

+ 

Trehalose 

+ 


Rafiinose 

+ 

+ 

Inulin 

0-t-, 2- 

-b 

Glycerol 

— 


Mannitol 

-f 

-b 

Sorbitol 


~ 

Salicin 

+ 

4- 


* Colonies were occasionally mucoid, but not markedly so Large quantities of pob- 
sacchande were synthesized in 5 per cent sucrose broth, as evidenced by a marked increase 


in the viscosity of the medium 

not support the growth of Slreptococcus saliianus without the addition of tin- 

amme to the medium , 

Nicotmic acid was found to have a slight stimulatory action on the growth 

of these organisms, whereas some vanabihty was demonstrated m the ca^c oi 
pantothemc acid Two strains of bonne ongm required this vitamm lor sub- 
culture, although all other strains tested were only slightly stimulated by it 
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The response to iiboflavm was also variable Two strains of bovine ongin 
were found to lequire this vitamin, although it produced no observable effect 
upon the growth of the other strams tested The absence of pyridoxme from 
the medium had no perceptible effect upon the growth of any of the cultures 
tested The ehmmation of the purine and pynmidme bases from the medium 
produced httle effect upon the growth of this orgamsm 
The growth response resultmg from the elimmation of vitamins individually 
from the medium, showing the results obtained with a typical strain of bovine 
and one of human origm, is given m table 2 
It should be mentioned that those stiams that showed an absolute require- 
ment for only one vitamin, biotm, when the vitamins were eliminated from the 
casern hydrolyzate medium mdividuaUy, could not be senally transferred m a 
medium contammg only biotm and thiamme Good growth was usually ob- 
tained on the first transfer The second serial transfer, however, produced 

TABLE 2 


The effect of omiiUng vitamins upon the growth of Streptococcus bovis, 
[PlO (human) and 38 (bovine) 


VlTAUm(s) OUITTED 

GROWTH : 

24 HOURS* 

PlO 

38 

None 

210 

190 

Thiamme 

38 

68 

Biotm 

2 

0 

Nicotimc acid 

185 

150 

Pantothenic acid 

140 

125 

Riboflavin 

240 

190 

Pyridoxme 

250 

185 


* Umnoculated medium reads zero Readings made on second serial transfer 


httle or no growth For maximum growth that could be mamtamed on serial 
transfer, biotm, thiamme, pantothenic acid, and nicotmic acid were reqmred 
These strams of Streptococcus hovis appear to have far simpler vitamin require- 
ments than any of the other nonhemolytic streptococci thus far tested, they 
have an absolute requirement for only one vitamm, biotm In contrast to this, 
it has been shown (Smiley, Niven, and Sherman, 1943) that 5 vitamins are 
mdispensable for the growth of Streptococcus salivanus, and that most strams of 
Streptococcus lactis have an absolute requirement for at least 4 vitamms (Niven, 
1944) Furthermore, it has been demonstrated (Niven and Sherman, 1944) 
that the enterococci are even more exacting m their vitamm reqmrements than 
either of these organisms 


AMINO ACID REQUIREMENTS 

After determmation of the growth factor requirements, the hydrolyzed casein 
was substituted by a mixture of 20 ammo acids By the elimination of each of 
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these amino acids mdividuaUy from the medium it iias found that, nith the 
exception of tryptophan, the omission of any smgle amino acid produced no 
detectable effect upon the growth of these orgamsms IVlien tryptophan w i:, 
omitted from the ammo acid medium, or from the medium containing icid- 
hydrolyzed casein, these microorganisms often failed to groiv Howei'er, lor 
xeasons imknown at the time, delayed growth n ould occur occasionallj in m'cdu 
contaimng no tryptophan However, subsequent experiments revealed that, 
m media contammg certam combinations of only a few ammo acids, tryptophan 
was no longer essential for growth This phenomenon is discussed in another 
pubhcation (Washburn and Ahven, 1948) 

By the systematic ehmmation of various combmations of amino acids it was 
found that the majority of the strains could be successfully subcultured in a 

TABLE 3 


A chemically defined medium for Streptococcus bovis 


Glucose 

mg/ JO ml 

100 

KjHPOi 

CO 

Sodium thioglycolate 

5 

D-Argimne 

5 

D-Glutamio acid 

1 

Nicotinic acid 

10 

Pantothenic acid 

10 

Thiamine 

1 

Biotin 

0 01 

Salts 



* Salts composed of 20 mg NaCl, 0 8 mg MgSO« 7HiO, 40 micrograms FoSOi 7H 0, and 
12 micrograms iMnCh per 10 ml medium 


medium contammg argmme as the only source of ammo nitrogen The addition 
of glutamic acid to the medium resulted m the grow’th of all strains except one 
culture of bovme ongm 

This group of orgamsms, therefore, is unusual among the streptococci thus far 
studied m its abihty to synthesize ammo acids, smee it has an absolute require- 
ment for no single ammo acid Slreplococcus saliiariiis (Smiley, Ah\cn, and 
Sherman, 1943) appears to have an absolute requirement for only one ammo 
acid, glutamic acid However, 7 ammo acids are necessarj' for satisfictory 

transferable growdh of that organism 

A simplified medium for the growth of Streptococcus boms is shown in table 3 
It contams 4 ■vitamins and 2 ammo acids Twelve of the 15 culture^ studied 
grew satisfactorily m this medium upon serial transfer By the addition of 
nboflavun all but one culture (of bovme origin) would grow satiJactonl> for an 
mdefinite number of transfers 
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SULFUR REQUIREMENTS 

It should be noted m table 3 that sodium thioglycolate is the only source of 
organic sulfur in the simplified medium, other than that supphed by the vitamins 
Since the sulfur requiiements of this orgamsm appear to be unusually simple, 
an attempt was made to determine whether inorgamc sulfur could be sub- 
stituted for the organic sulfur in the medium A number of sulfur-contammg 
inorganic compounds were tried, including sodium sulfide, sodium sulfite, and 
ammonium sulfate 

It was found (table 4) that inorganic sulfur in the form of sodium sulfide gave 
maumum growth of the orgamsm, but sodium sulfite and ammomum sulfate 
were ineffective That certam streptococci can utilize sodium sulfide as their 
source of sulfur was pieviously demonstrated by Woolley (1941) Usmg a 
hemolytic group D streptococcus, he found that, although cystme was more 
effective, sodium sulfide could meet the sulfur requirements of that orgamsm 


TABLE 4 

Streptococcus boots sulfur requirements 


StJBST\NCE ADDED 

VIc/10 UL 

GKO 

18 hr 

WTH 

44 hr 

Sodium thioglycolate 

1 

45 

80 

Sodium thioglycolate 

5 

125 

155 

NaiS 

1 

68 

180 

NaS 

5 

49 

175 

NaiS 

10 

53 

375 

NaiSO, 

1 

0 

0 

(NH.liSOi 

1 

0 

0 

Control 


0 

0 


SUMMARY 

The nutritive requirements of certain strams of Streptococcus boots have been 
determmed These orgamsms were found to be umque among the streptococci 
m the simphcity of these requirements 

A majority of the strains tested have an absolute reqmrement for only one 
vitarmn, biotin, whereas thiarmne stimulates growth appreciably Nicotmic 
acid and pantothemc acid slightly stimulate the growth of most strains How- 
ever, to obtain maximum growth and serial transfer in a synthetic medium, it was 
necessary to add all four of these vitamms 
No smgle ammo acid is mdispensable to the growth of Streptococcus boots 
Each stram tested, except one, could be subcultured in a medium contammg 
arginme and glutamic acid as the only ammo acids present 
An inorgamc source of sulfur m the form of sodium sulfide fulfills the sulfur 
requirements of this orgamsm 
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No difference was found m the nutritive requirements of the bovme strains 
and the strains obtamed from human cases of subacute bactenal endocarditis, 
though shght strain differences were detected m the cultures of each group 

REFERENCES 

Niven, C F , Je 1944 Nutntion of SCreplococctis laclis J Bact , 47, 343-350 
Niven, C F , Jr , and Sheehan, J M 1944 Nutntioa of the enterococci J Bact , 47, 
335-342 

Smilet, K L , Niven, C F , Jb , and Sherman, J M 1943 The nutntion of Slrtptococc it 
sahvanus J Bact , 46, 445-454 

Washburn, Mart R , and Niven, C F , Jr 1948 Ammo acid interrelationships in the 
nutrition of Slreptococcm boota J Bact In press 
Woodley, D W 1941 Studies on the nutritive requirements of bacteria J Bact , 12, 
155-163 



ANTIBIOTIC SUBSTANCES SEPAEATED FROM SUMAC^ 

H J CARLSON, H G DOUGLAS, and H D BISSELL 

Deparlment of Pediatrics, Western Reserve University School of Medicine, and the 
Babies and Childrens Division, University Hospitals of Cleveland, 

Cleveland, Ohio 

Received for publication January 19, 1948 

It has become evident (Osborn, 1943, Lucas and Lewis, 1944) that higher 
plants are potential sources of antibiotic agents Several investigators (Little 
and Grubaugh, 1946, Atkmson and Ramsford, 1946, Sanders, Weatherwax, 
and McClung, 1945) have reported antibiotic effects of juices and of crude 
extracts of plants on various microorgamsms The active materials can be 
separated in some degree of purity (Cavallito, Buck, and Suter, 1945, Cavallito, 
Bailey, and Kirchner, 1945, Heatley, 1944), and there is evidence that the agents 
so obtamed can be introduced mto the animal body and wiU control experimental 
infections (Carlson, Bissell, and Mueller, 1946) 

In screemng several hundred plants (Carlson, Douglas, and Robertson, 1948) 
the authors observed that a species of sumac contamed an antibiotic agent 
extractable m aqueous solutions In later work this or similar agents were 
obtamed from sumac by extraction with ethyl ether It is the purpose of this 
paper to report the antibiotic activity of partially purified extracts from a species 
of sumac, Uhus hirta 


METHODS 

Chemical 'procedures Stems and leaves collected m the fresh state were finely 
chopped and sufficient ethyl ether was added to cover the material Extraction 
was carried out for 24 to 48 hours at room temperature The ether extraction 
(911B1) was separated from the plant residue by decantmg The plant residue 
was then allowed to stand at room temperature for 24 to 48 hours with an equal 
volume of distilled water (see flow chart, figure 1) The supernatant water 
extract (911B90) was decanted from the plant residue and was evaporated to 
dryness, yieldmg a brown, brittle material (911B96) This material was partially 
soluble m distilled water as a red solution (911B97) with the persistence of some 
red-gray precipitate (911B98) Ten volumes of ethyl alcohol (95 per cent) 
were added to the red solution A clear yellow supernatant and a gray pre- 
cipitate (911B100) were obtamed The supernatant was evaporated to remove 
the alcohol A dark brown solution remamed (911B102) 

The ether was evaporated from the origmal extraction (911B3) leavmg a 
green gum (911B15) The gum was placed m a Soxhlet extraction thimble 
and extracted with chloroform until colorless (approximately 5 hours) The 
chloroform was decanted and evaporated agam leavmg a thick green gum 
(911B50) The residue (911B47A), after chloroform extraction, was divided 

* Supported in part by a U S Naval grant. Office of Naval Research 
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mto t^o portio^ and re-extracted urth ethyl ether and ^^ater (911B9-1) The 
esidue (OllBoo) remaining m the extraction thimble \m 5 reextrrctwl ^^^th 
distilled water, yieldmg a clear brow n solution (911B71) The ether c\tua w i^ 
evaporated to dryness, jnelding a greenish-brown gum (91 IB 17) This gum 


PREPARATION FLOW SHEET 

CHOPPED Cll CO'/gBrnmTH fTHEB 
ETHER filtrate 3I1B3 


RESIDUE COVERED WITH H,0 


e/aporated to thick GREEM 
gum active 9IIBI5 

I 

EXTRACTED IN SOXHLET 
WITH CHLOROFORM 


plant residue 

INACTIVE 


REDOI£fl-eRO*N M,0 

EXTRACT aiiaao 


EVAPORATED TO THICK GREEN 
GUM INACTIVE 9IIB50 


RESIDUE 9I1B47A 


EVAPORATED TO DRYNESS 

BROWN-BRITTLE BESIOUE 
ACTIVE SlIBSS 


RESIDUE SlIBSS 
EXTRACTED 
WITH H,0 

I 

BROWN SOLUTION 

ACTIVE snarl 


extracted with 
ethyl ether 

ether evaporated to 

GREEN GUM 9I1B47 

I 

REDISSOLVEO IN 
ETHYL ETHER 
9IIB79 AND SHAKEN 
WITH NORUA 
FILTERED 


ALIQOUT 
EXTRACTED 
WITH HiO 
ACTIVE SIIB94 


M,0 ADDED 

RED-GREY PRECIPITATE 
INACTIVE SIIDD9 


BED SOLUTION 
ACTIVE 911837 


10 VOLUIIES 95 / 
ALCOHOL added 


GREY PRECIPITATE 
INACTIVE siiaioo 


CLEAR YELLOW 
SUPERNATANT 


NOBIT A. INACTIVE 


brilliantly CLEAR 
YELLOW SOLUTION 
ACTIVE 9IIB73 


EVAPORATED TO 
REMOVE^ ALCOHOL 

DARK BRO.VN SOLUTION 
ACTIVE 0IIBIO2 


EVAPORATED TO 
THICK AMBER GUM 

I 

DISSOLVED IN ACETONE 
PARTLY EVAPORATEO AND COOLED 


GREEN PRECIPITATE 
INACTIVE 911Q30 

EVAPORATED TO THICK 
AflBER GUVLDRICD IN AIR 
ACTIVE 911EBI 

I 

SHOOK 91IS3I WITH H,0 


GREEN PRECIPITATE 
INACTIVE 9IIBI04 


CLEAR YELLC-V 
FILTRATE 
ACTIVE 9liei03 


SHAKE WITH ether 

AQUEOUS ■fiESICuT '^TniER'EXTP/Kir 


EVAPORATED SLOwLY 
TO GIVE GREYPCaCER 
IN DESICCATOR 
active giiaioa 


EVAPORATED TO FI lE 
YELLOW VMXY POrtCER 
ACTI/E “110105 


YELLOW FRECIPI'»TE 
inactive 3 10 03 



yellow ^O.UIION 
ACTI <E 9118113 


Fig 1 Flow Cukut 


T%as redissolved m ethyl ether (911B79) and shaken with 2 parts norit t Ihu 
resultant solution (911B7S) T\as a clear, brilliant yellow Ihi^ wao naporutcd 
until a thick amber gum was obtamed The gum itos di-„ohcd in atctom- 
and the solution evaporated to one-tenth ita original voluiut Ihi. green prt- 
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cipitate (911B80) that formed was removed by filtration The filtrate was 
evaporated to a thick green syrup (911B81), which was dried to a sohd mass 
and pulverized This powder (911B81) was shaken with distilled water and the 
suspension filtered A green precipitate (911B104) was removed m the paper, 
and the filtrate (911B103) was a clear, yellow solution The filtrate (911B103) 
was shaken for 15 mmutes with ethyl ether After bemg shaken, the ether was 
decanted and evaporated to dryn^s A fine yellow, waxy powder (911B105) 
was obtained This powder was partially soluble m distilled water, yieldmg a 
yellow solution (911B110), but there remamed a yeUow insoluble precipitate 
(911B109) that was removed by filtration From the aqueous residue of the 
ether extraction of 911B103 there developed on slow evaporation an amber 
solution contaming a whitish granular precipitate This precipitate (911B108) 
became a gray powder on desiccation 

Assay Nutrient and enriched agar (Difco), 20 ml, favorable for the growth 
of the orgamsms on test, was seeded with 0 5 ml of an 18- to 24-hour broth 
culture of the orgamsms Fungi and mold cultures were thoroughly agitated 
to break up mycehum formations before addition to the agar After mixmg, 
the agar was poured into sterile petri plates The surface of the seeded agar 
plates was allowed to dry m air for 30 to 60 minutes Several species of bacteria 
were grown on blood agar One-tenth ml of a broth culture was placed on the 
surface and spread evenly with a curved stenle glass rod These plates were 
allowed to dry for 30 to 60 minutes Porcelam cyhnders were placed on the 
surface of the seeded plates and were filled with the aqueous solutions to be 
tested for antibiotic activity In a second method small blocks of agar were 
removed from the plate surface by vacuum, and the wells so formed were filled 
with the aqueous solutions 

Dry powders and gums were placed directly on the surface of the seeded agar 
Ether extracts were tested as previously descnbed (Carlson, Douglas, and 
Robertson, 1948) The areas of inhibition were measured m mm whenever 
possible In those areas where the diffusion of the active agent was imeven, 
inhibition was noted as negative (N), slight — 8 to 11 mm (S), fair — 12 to 14 mm 
(F), good — 15 to 19 mm (G), or excellent — 20-|- mm (E) The letter “C” pre- 
cedmg any number or abbreviation denotes complete inhibition and “P” denotes 
partial inhibition 

Toxicity Extracts 911B94, 911B102, and 911B108 were prepared m 10 
per cent solutions and passed through a Seitz filter The sterile extracts were 
mjected m 0 25, 0 5, and 1 ml amounts by the mtrapentoneal route Adult 
white Swiss nuce were used as test animals Toxicity was observed at mtervals 
of 15 and 45 mmutes and at the end of 1 and 24 hours 

RESULTS 

The antibiotic activity of the extracts and fractions prepared durmg partial 
purification is shown m table 1 (also see flow chart) The different extracts 
appeared to be equally effective agamst the gram-positive coccus. Staphylococcus 
aureus, and thq gram-negative orgamsm, Escherichia coli One extract, 911B15, 
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a gum obtamed from ether evaporation, stimulated the test organisms, as m- 
dicated by a more dense groivth immediately surrounding the inhibited zones 
The effective agents appeared to be soluble equaUy m ethyl ether and ^Nater 
As observed m the preparation flow sheet, tw o ongmal extracts, w ater soluble 
and ether-soluble, w ere prepared These e\-tracts w ere prepared to jaeld e\tnct 
911B102, a dark-browm aqueous solution from the water-soluble fraction, and 
aqueous extracts 911B108 and 911B110 derived from the original ether friction 
The effective agent obtamed m the aqueous fraction after ether extraction 
appeared to have been bound m some manner as it had not been apparent before 

TABLE 1 


Anltbiohc activity of extracts* 


EYTKACT 

SOtVZST 

LSULBI 

S aurfjj 

novuu 

£ cch 

91iB90 

Water 

C15P25 

C15I»25 

911B96 

-(a) 

C15P22 

CPED 

911B97 

Water 

C14P20 

C1SP21 

91B102 

Water 

C14P20 

ClSFii 

91IB3 

Ether 

CED 

CPED 

911B13 

-(b) 

CGDS 

CCDS 

911B94 

Water 

Cl eP24 

C10P30 

911B71 

Water 

C20P20 

C20P25 

911B7S 

Ether 

C15P25 

C20P30 

911B81 

-(a) 

C17P2S 

C1SP25 

9HB103 

Water 

C13 

C17 

911B108 

Water 

C13P20 

CllPlS 

911B105 

-(a) 

CGD 

CCD 

911B110 

Water 

C17 

C19 


Legend (a)— residue or powder, (b)— gum,C — complete, P— partial, TD— fair diffuaioa, 
12-14 nun, GD— good diffusion, 15-19 mm, ED— excellent diffusion, 20 plus mm, S— stimu- 
lation outer area of inhibition 
* See flow chart (figure 1) 


this procedure Aqueous extraction of the plant alone did not dcmonalrato 
the w^ater-soluble agent when tested on the seeded agar plate 
The antibiotic activity of three extracts of Bhvs hirla against oS strains and 
species of bacteria, molds, and fungi is shown m table 2 Extracts 911B102, 
911B94 and 911B108 (see flow chart) were used Extract 911B91 i:^ a step 
fraction of the partiaUy purified fraction 911B10S The general actnity oi 
these three extracts is qmte similar m that the effectn e agent:^ inhibited equ illy 
well the growth of the microorgamsms tested Bactena were observed to be 
more susceptible to the agent than w ere the vanous molds and fungi 

The extracts were observed to exhibit marked bacteriostatic activity on the 
growth of gram-negative bacteria Among those tested i.cre several buinan 
pathogens, ShtgeUa paradysentenae (Flexner). Shtgella dy.mtenac, 
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TABLE 2 


Bacterial, mold, and fungus spectrum 


ORCANlSll 

911B102 

INHtBinOV ICS 

91IB94 

911B103 

Shigella paradyscntcriac 

C15 

C17 

CAE 

Shigella dysentcriae 

C20 

C16 

CFD 

Shigella sonne 

C18P22 

CIS 

C16 

Ebcrthella typhosa 

C20P26 

C17 

C1SP22 

Pseudomonas fluorescens 

C18P22 

C15P17 

CPGD 

Pseudomonas aeruginosa 

C15P22 

C14P18 

CPGD 

Proteus sp 

C20P32 

C22P33 

C17P27 

Proteus vulgaris 

C20P28 

C18P22 

C16P20 

Bacillus subtilis 

C20P23 

C21 

C23 

Bacillus megatherium 

C20P28 

C24P30 

C17P20 

“Zoogleal” sp 

— 

C22 

C24 

Achromobacter lacticum 

C16P25 

C15P18 

C16P20 

Serratia marccscens 

C20P22 

C18P28 

PAE 

Bacillus circulans 

C30 

C27 

C24 

Escherichia coli 0 

C15P24 

C15X18 

CAE 

Escherichia coli 1 

C16P22 

C16P24 

C17P29 

Escherichia coli SAW 

C14P20 

CIS 

CAE 

Staphylococcus aureus 0 

C20P22 

C16P20 

C9P18 

Staphylococcus aureus 1 

C18P24 

C16P18 

C12P1S 

Staphylococcus aureus 2 

C16P25 

C16P20 

C10P20 

Streptococcus viridans 

C17 

Cll(b) 

C1SP18 

Streptococcus viridans 

C13P15 

ClS(b) 

C12P15 

Streptococcus pyogenes 

N 

N 

C14 

Streptococcus faecalis 

— 

C20 

C14P20 

Diplococcus pneumoniae 

— 

N 

N(a) 

Clostridium perfringens 


N* 

N* 

Clostridium putrificum 

P* 

P* 

P* 

Clostridium histolyticum 

N* 

N* 

N* 

Clostridium botulinum 

P* 

N* 

N* 

Clostridium sporogenes 

N* 

N* 

P* 

Micrococcus tetragenus 

C15S24 

C14 

CIS 

"Mucosus capsulatus” 

C25 

C22 

C20 

Corynebacterium diphtherias 

C18P25 

C18P2S 

CPGD 

Mycobacterium phlei 

— 

C20 

CIS 

Mycobacterium smegmatis 

— 

C2S 

C3SX40 

Neisseria gonorrhoeae 

C30 

C20 

C20 

Neisseria intracellularis 

C20 

CIS 

C20 

Hemophilus influenzae 

C20 

C16 

P24 

Agrobactenum sp 

— 

C18P23 

C20P2S 

Mycoderma lactis 

C15 

C18P20 

CAE 

Mycoderma sp 

N 

C18 

CAE 

Penicillium (Waksman) 

N 

N 

N 

Aspergillus terreus 

N 

N 

N 


C — complete, P — partial, S — stimulation, FD — fair diffusion, GD — good diffusion, 
AE — area exposed, N — negative, a — partial inhibition in broth, b — complete inhibition 
in broth 


* Broth 
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TABLE 2 — Continued 


02CA^1SU 

nnuDmos ita 

911B102 

9UB94 

9110101 

Aspergillus ntger 

Trychophyton sp 

Trychophyton sulphereum 

Candida albicans 

Microsporum trichoderma 

Penicillium cyclopium 

Pythium debaryanum 

Fusanum culmorum 

Fusarium sp 

Rhizoctonia solani 

Rhizoctonia oryzae 

Pestallozia funera 

Mucor sylvalicus 

N 

N 

CIO 

N 

P12 

C23 

C24 

C24: 

N 

N 

N 

N 

CFD 

C15P18 

C20 

C12 1 

C24 

C17 

C20 

C17 

N 

N 

C19P25 

C17P27 

N 

CFD 

CJ5 

C.VE 

CAE 

C15 

C12P18 

C17 

C20 

N 

N 

C20 

C16 


sonne, and Eberthella iyphosa of the entenc group Pseudomonas Jluorescens 
Pseudomonas aeruginosa, Proteus vulgaris, Proteus sp , Bacillus circulans, and 3 
strains of Escherichia coli were tested, and these nonpathogens were equally 
susceptible Neisseria gonorrhoeae, Neissena intracellulans, and Hemophilus 
influenzae were inhibited by the three extracts m moderate zones of diffusion 

The gram-positive bactena tested did not consistently exhibit susceptibility 
to the effective agents m these extracts Bacillus subtilis, Bacillus megatherium, 
Serraiia marcescens, Staphylococcus aureus, Streptococcus vindans, Streptococcus 
faecalis, Micrococcus tetragenes, and “Mucosus capsulatus" were completely 
inhibited m varying zones of diffusion Streptococcus pyogenes was only sus- 
ceptible to 911B108 Diplococcus pneumoniae was not inhibited, when grown 
on blood agar, by extracts 911B94 and 911B108, though an apparent reduction 
of growth was noticed in broth cultures of this microorgamsm m the presence of 
911B108 Of the five strains of Clostridium tested, only one, C putnflcum, was 
susceptible to the three extracts, and it was only partially inhibited, (7 botulinum 
was partially inhibited by extract 911B102, and C sporogenes was partially 
inhibited by extract 911B108 Two strains of nonpathogemc Mycobacterium, 
M phlei and M smegmatis, were very susceptible to the effective agents m 
extracts 911B94: and 911B108 

Extract 911B102 was meffective against the growth of three human derma- 
tophytes, My coderma sp , Trychophyton sp , and Candida albicans These 
organisms were sensitive to extracts 911B94 and 911B108 The extracts ap- 
peared to be "Without significant action against the molds, Aspergillus terreus, 
Aspergillus ntger, and Penicillium (Waksman), but they exhibited marked 
fungistatic activity toward Penicillium cyclopium Rhozoctonia colani and 
Rhozoctonia oryzae were not susceptible to the antibiotic activity of the three 
extracts Extract 911B102 was without significant effect upon a plant-wilt 
pathogen, Fusarium sp , though extracts 911B94 and 91 1 BIOS were observed to 
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elicit definite inhibitory activity against this micoorganism Fusanum 
cuhnorum was inhibited equally well by the three extracts 
j' Human dermatophytes, Mycoderma lactis, Trych<rphyton sulphereum, and 
Microsponm tnchodertna, and phytopathogens, Pytlnum debaryanum, Pestallozta 
funera, and Mucor sT/lvaticus, were found to be susceptible to the fungistatic 
action of the extracts 

The extracts were partially mactivated after bemg subjected to a temperature 
of 123 C for 10 mmutes Only surface growth was completely inhibited m the 
diffused area against the gram-positive organism. Staphylococcus aureus No 
activity against gram-negative orgamsms was observed with the heat-treated 
solutions Extract 911B108 lysed red blood cells, but 911B94 and 911B102 
had no apparent effect on the red blood cells 

Toxunty tests A 10 per cent solution of extract 91 IB 102 when mjected mtra- 
peritoneally mto nuce in 1-, 0 5-, and 0 25-ml amounts did not appear to produce 
toxic symptoms Extract 911B94 m 1-ml amounts caused death of the animals 
m 45 min utes, whereas 0 5- and 0 25-nil amounts caused death m 18 to 20 hours 
Extract 911B108 was found to be toxic, causmg death m 18 to 20 hours when 
1-, 0 5-, and 0 25-ml amounts were mjected mtrapentoneaUy 

DISCUSSION 

The cause of the whitish opacity when extracts of this plant were placed on 
agar is not known Tests conducted to determme the presence of alkaloids 
have proved negative The second area of discoloration observed m the presence 
of many of the bacteria tested was deemed to be caused by by-products of the 
organisms reactmg v. ith the diffused agent m a manner similar to an mdicator 

In the onginal screemng and later experiments the authors were not able to 
demonstrate sufficient activity m water or sahne extracts to justify further 
work on this fraction This did not hold true for extractions with ethyl ether 
The aqueous residue after ether extraction showed defimte antibiotic activity 
that was diffusible and measurable on the seeded agar plate This water- 
soluble fraction appeared to be released by extraction with ether or possibly 
was changed chemically to become soluble in water by the treatment 

The two partially purified derivatives, 911B102 and 911B108, appear to be 
rather closely related agents because of their observed effectiveness against the 
bacteria tested, although their reaction m the presence of molds and fungi places 
more emphasis on the probabihty that they are different substances derived 
from the same plant 

Sufficient chemical analysis has not been completed to state of what these 
effective agents are composed Tests have shown that the gums and water- 
soluble fractions give no positive tests for alkaloids 

SUMMAKY 

The antibiotic activities of three extracts obtamed from Rhus htrta are pre- 
sented These extracts were tested against 58 different strains and species of 
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bacteria, Diolds, and fungi The activity agamst these microorganisnio indicatca 
that this plant contains two separate antibiotic substances 
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The presence of antiobiotic substances in plants, especially the green parts 
and flowers, has been demonstrated m a large senes of wild and domestic varieties 
by the authors (Carlson, Douglas, and Robertson, 1948) and by other mvestiga- 
tors (Osborn, 1943, Lucas and Lewis, 1944, Huddleson et al , 1944) Few plants 
have been found to contain appreciable amounts of antibactenal and antifungal 
substances m the roots 

In prehmmary screemng studies (Carlson, Douglas, and Robertson, 1948), the 
root of Leptotaema dissecta Nutt (Peck, 1941), belongmg to the Urribelhferae or 
parsley family, was found to contam an antibiotic agent soluble m ethyl ether 
that inhibited the growth of Staphylococcus aureus and Eschenchta coh It is 
the purpose of this paper to report additional studies on the effectiveness against 
various microorgamsms of extracts prepared from the root 

METHODS 

T?iie root of Leptotaema dissecta was collected on the western slope of the 
Cascade Mountams m Oregon and shipped to the laboratory, where it was stored 
m the cold room until used Several large specimens of the root were macerated 
thoroughly by bemg ground m a food chopper The macerated root was then 
placed m a large flask, and flowmg steam was circulated through the root mash 
The steam distillation was contmued for a penod of 18 to 24 hours A brilhant, 
clear, hght-yellow oil came to the surface of the condensate The oil was re- 
moved by decantmg and was used for tests without further purification 

Nutrient and ennched agars (Difco), 20 ml, were moculated with 0 1 ml of an 
18- to 24-hour broth culture of the vanous microorganisms tested (table 2) 
Broth cultures of molds and fungi were first vigorously shaken to break up the 
myceha The seeded agar was poured mto stenle petn dishes, and the surface 
was air-dned for 30 to 60 mmutes 

The method of testmg plant extracts previously described (Carlson and 
Douglas, 1948) was found to lead to a false evaluation of the effectiveness of the 
oil whether it was placed m a porcelam cyhnder or directly on the seeded agar 
The latter method had been used by the authors for testmg the activity of ex- 
tracts m volatile solvents After several prehmmary inhibition assays, the 
followmg method was found to give consistent results Small blocks of agar 
were punched out from the seeded plates with a sterile 8-mm cork borer The 

1 Supported in part by a grant from the U S Navy, Office of Naval Research 
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bore was attached to the vacuum hue with a minimum of negative pressure 
apphed Excessive negative pressure resulted m an irregular hole m the agar 
In the weU so formed, several drops (1 to 3) riere placed The inoculated petn 
plates were mcubated at room (29 C) or mcubator (38 C) temperature untd 
growth of the microorgamsms was sufficiently advanced to allow accurate meas- 
urement of the zones of mhibition (24 to 120 hours) Areas of inhibition ^\e^e 
noted as complete (C) and partial (P), and diffusion zones as slight (8 to 14 mm), 
fair (14 to 20 mm), good (20 to 30 mm), and excellent (30-}- mm) 

A senes of dilutions was prepared from one of the ex-tracts (657B30) to permit 
some degree of qualitative appraisal of the bactenostatic and bactericidal effect 
One-tenth ml of the oil extract was added to 0 9 ml of sterile mmeral oil The 
mixture was thoroughly agitated, and 0 1 ml was transferred to a second tube 
containmg 0 9 ml of mmeral oil This process was repeated until a final dilution 
of the ongmal oil fraction was 10-^ To each tube 0 05 ml of a 1 100 dilution 
of broth culture of Staphylococcus aureus or Escherichia coli were added This 
broth-oil mixture when thoroughly shaken formed an imstable suspension 
Shakmg was repeated when the mixture separated mto layers One senes was 
set up to mclude broth cultures shaken m the oil extract of 657B30 undiluted, 
m dilutions of 1 10 and 1 100, and m mmeral oil controls One standard 4'mm 
loop of the oil-orgamsm suspension was removed at 5-, 15-, and 30-minute 
mtervals, and at the end of 1 hour and 18 hours, and transferred to veal infusion 
broth (Difco) These cultures were mcubated at 37 C The presence of 
growth was observed after 24 and 48 hours Subcultures from these tubes were 
frequently made to ascertam whether residual concentrations of oil were carried 
over A second series of oil dilutions varymg from lO"^ to 10~* were inoculated 
m the same manner as previously descnbed with the same test organisms Sub- 
cultures of the oil-orgamsm suspensions were made at the end of 24 and 48 hours 

To determme toxicity, fraction 657B30 was mixed m sterile mmeral oil m 
concentrations of 1 3 and 1 100 These mixtures m 0 25r and 0 5-ml amounts 
were injected subcutaneously and mtrapentoneally mto young adult (4- to 5- 
week-old) white Swiss mice All the animals were observed at the end of 10 
and 30 mmutes and at 1-, 6-, and 24-hour mtervals 

RESULTS 

Quantitative determinations of the amount of active oil extracted from the root 
were not made nor can it be stated whether different lots of the root would yield 
the same amounts of oil When 400 grams (wet weight) of the root Leplolaenia 
dtssecta were subjected to steam distillation, the first 400 ml of distillate yielded 
a few drops of a colorless oil that had a sharp odor different from the aroma of 
the ongmal root The next 400 ml of distillate brought out 0 7 ml of a yellow- 
green oil that gave the characteristic “parsnip” odor of the root Owing to the 
“spreadmg” tendency of the oil some was lost during collection With 18 to 
24 hours’ steam distillation of large amounts of macerated root a clear yelloivish 
oil was obtamable that was charactenzed by a definite “parsnip" odor iiie 
oil gradually discolored when exposed to air at room temperature 
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The first colorless oil fraction was observed to inhibit completely Staphylococcus 
aureus and Escherichia coli, with excellent diffusion of the active agent The 
yellowTsh oil obtamed by longer periods of distillation acted m the same manner, 
but a smaller area of diffusion was noted No antibacterial vapor effect could 
be demonstrated with either sample when tested agamst Staphylococcus aureus 
and Escherichia coh 

Table 1 depicts the bactencidal activity of fraction 657B30 alone and diluted 
m sterile mineral oil The test orgamsms m a 1 100 broth suspension were 
shaken ivith the oil samples The undiluted oil fraction was bactericidal for 
Escherichia coh and Staphylococcus aureus after 5 minutes* contact with or with- 
out constant shaking No evidence of growth m broth cultures was observed 
m samples removed after 1 hour’s contact with the 1 10 solution of the oil m 
min eral oil With cultures of oil m mineral oil the 1 100 dilution required 18 


TABLE 1 

Bactericidal effect of fraction 657BZ0 


TUCS 

Diiimos 

i 

lECt'ESUI. on. 


Hr j 


1 10-1 

10-1 

10-« 

io~* 

10“‘ 

10-* 



B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 



5 


N 

N 

p 

p 

p 

p 




— 



— 






p 

p 

15 


N 

N 

p 

p 

p 

p 

— 

— 

— ! 

— 

— 

— 

— 

— 

p 

p 

30 j 


N 

N 

p 

p 

p 

p 

— 

— 

— 

— 

— 

— 

— 

— 

p 

p 


1 

N 

N 

N 

N 

p 

p 

— 

— 

— 

— 

— 

— 

— 

— 

p 

p 

1 

18 

N 

N 

N 

N 

N 

N 

— 

— 

— 

— 

— 

— 

— 

— 

p 

p 


24 

. 

— 

N 

N 

N 

N 

N 

N 

N 

p 

p 

p 

p 

p 

p 

p 


48 

— 

■ 

N 

N 

N 

N 

N 

N 

N 

p 

p 

p 

p 

p 

p 

p 


S, Staphylococcus aureus, C, Escherichia coh, N, no growth, P, growth, — , not done 


hours’ contact for inhibition of all viable orgamsms The oil was found to be 
more effective agamst the gram-positive organism Staphylococcus aureus (10"*) 
than agamst the gram-negative orgamsm Escherichia coh (10~^) after 24- and 
48-hour contact penods No lethal effect was evidenced against either micro- 
organism by the solvent mmeral oil alone 
The oil was found to have a low surface tension and a high spreadmg abihty 
On the surface of a seeded agar plate 1 to 2 drops of the oil were observed to 
spread over several square cm of the agar surface To permit measurable results 
the agar well techmque was devised (see Methods) 

Table 2 depicts the antibiotic effect of the two oil fractions separated from the 
root of Leptotaema dissecta against 41 strams and species of bacteria and 21 
strains and species of molds and fungi Both fractions were more effective 
against gram-positive than against gram-negative organisms Oil fraction 
657B33 obtamed m the later stages of the steam distillation showed little or no 
effect on several gram-negative bacteria but was observed to inhibit the majority 
of gram-positive bacteria 
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TABLE 2 

Anitbtoitc acCttnly of extracts 


02GANlS-i 

UxmsruQs ui icu 


Oil 657B3i 

Oil 657BJO 

Shigella ■paradysenteriae 

CPFD 

PIT 

Shigella dysenteriae 

N 

G20X15 

Shigella sonne 

PAE 

C16XIS 

Eberthella lyphosa 

PAE 

C20X22 

Pseudomonas fluorescens 

PAE 

CoXll 

Pseudomonas aeruginosa 


C22Xt4 

Proteus sp 

N 

C20X22 

Proteus vulgaris 

N 

C1SX20 

Bacillus ciTculans 

CGD 

CED 

Escherichia coh 0 

PAE 

C21X25 

Escherichia coli 1 

PAE 

C21X24 

Escherichia coli 2 

PAE 


Escherichia coh SAW 


C16X20 

Staphylococcus aureus 

PAE 

C14X17 

Staphylococcus aureus 1 

PAE 

C16X20 

Staphylococcus aureus 2 

PAE 

C18X20 

Streptococcus faecalis 

PAE 

C29 

Streptococcus vtridans J 

CS 

CP20 

Streptococcus vindans | 

CIO 

C16 

Streptococcus pyogenes 

— 

C24 

Diplococcus pneumoniae type 18 

C25 

CED 

‘"Mucosus capsulatus” 

C25 ' 

C28 

Micrococcus letragenus 

— 

1 CIS 

Corynebactenum diphthenae 

CAB 

C14X18 

Hemophilus influenzae 

— 

C90 

Neisseria intracellulans 

— 

PAE 

Neisseria gonorrhoeas 

— 

PAE 

Bacillus subtihs 

CPGD 

C20X25 P22X2S 

Bacillus megatherium 

PGD 

CPED 

Mycobacterium phlei 

C17 

CIS 

Mycobacterium smegmatis 

CIS 

C25 

Mycobacterium tuberculosis H37 

— 

CED 

“Zoogleal” sp 

CED 

CSS 

Serratia marcescens 

E 

CP20 

Achromobacter laclicum 

PAE 

CP15X1S 

Clostridium putriflcum 

— 

C* 

Clostridium histolyticus 

— 

P* 

Clostridium perfringens 

— 

P* 

Clostridium botuhnum 

— 

P* 

Clostridium sporogenes 

— 

P* 

Agrobacierium sp 

CPED 

C20 

Mycoderma lactic 

CPGD 

CED 

Mycoderma sp 

Penicillium (Waksman) 

PAE 

PAE 

C14 

CED 

^ i- -rx 1 


Legend C-complete, P-partial. S-st.mu]3tion,_ FD-fair diffusion, GD-t.ood 
diffusion, ED— excellent diffusion, AE— area exposed, N— negative 
* Broth 
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TABLE 2 — Continued 



1 ramBmoN ra uu 

OtlOANISU 




0il6S7B33 

OiI6S7B30 

Pentcilhum cyclopium 

CAE 

CED 

Aspergillus niger 

PAE 

CPGD 

Aspergillus lerreus 

PAE 

CPGD 

Slreptomyces griseus 

CED 

— 

Trychophyton sp 

CPED 

CED 

Trychophylon sp 

CPED 

CED 

Trychophyton sulphereuin 

— 

CIS 

Candida albicans 

PAE 

PED 

Microsporum tnchoderma 

PAE 

CED 

Pylhium debaryanum 

PAE 

C18X18 

Mucor sylvaticus 

C11P20 

C17 

Fusarium culmorum 

PAE 

C36P39 

Fusanum sp 2 

PAE 

PFD 

Fusarium sp 3 

PAE 

C30 

Rhizoctonia solam 

CPGD 

CPFD 

Rhizoctonia oryzae 

CPAE 

PAE 

Pestallozia funera 

C20 

CIS 

Coccidioides immitis 

— 

CED 

Histoplasmosis capsulatum 

1 

CED 


To facilitate interpretation of the symbols used m table 2 the following ex- 
planation IS presented Shigella sonne was partially inhibited m the area ex- 
posed (PAE) by 657B33, with complete inhibition m an area of 16 by 18 nriTn 
(C16 X 18) by 657B30 Bacillus megatherium showed complete to partial 
inhibition with good diffusion usmg 657B33 (CPGD) and complete to partial 
inhibition with excellent diffusion usmg 657B30 (CPED) Complete inhibition 
was observed at the central portions of the affected area surrounded by gradual 
partial inhibition 

Attempts were made to ascertam the diffusion of the active agent wnth a 
miniTniim amount of “creepmg ” The agar well techmque was found to mmi- 
mize this action With three microorgamsms, Hemophilus influenza, Cocm- 
dioides immiiis, and Histoplasmosis capsulatum, growth was mhibited by fraction 
657B30 m the entire plate area (90 mm) It was thought that “creepmg” action 
of the oil might account for some of this diffusion, with a possible thm film of 
oil spreadmg over the surface of the agar However, plates seeded with Bacillus 
circulans, Bacillus megatherium, and Microsporum tnchoderma were inhibited 
m one-half to three-fourths of the area of the petri plate (45 to 60 mm) 

Fraction 657B33 was only partially effective agamst three strams of Escherichia 
colt The fourth stram of this species was not affected by 657B33, but 657B30 
completely inhibited the groivth m an area of good diffusion The entenc or- 
ganisms Eberthella typhosa, Shigella paradysentenae, Shigella dysentenae, and 
Shigella sonne were completely inhibited by the 657B30 fraction The oil frac- 
tion 657B33 was much less effective m inhibitmg these same strams Fraction 
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657B33 appeared to be without significant action upon Pseiido 7 nonas aerumnosa 
Proteus sp , and Proteus vulgaris and had only partial action on Pseudomonas 
fluorescens These same orgamsms were observed to be highly susceptible to 
the action of fraction 657B30 The gram-negative cocci A^eissena iniracclluhns 
and Neisserm gonorrhoeae w^ere only partially inhibited by oil fraction C57B30 
These two microorganisms were the only gram-negative bacteria that slioived 
any degree of resistance to fraction 657B30 
Both oil fractions exhibited marked bacteriostatic and bactericidal activity 
agamst gram-positive bacteria The exceptions to this were a slight eflect of 
fraction 657B33 agamst the three strams of Staphylococcus aureus and Strepto- 
coccus faecalts Fraction 657B30 was observed to be highly effective against 
these microorganisms The fractions inhibited the groivth of several human 
pathogens of gram-positive coccal types, Streptococcus viridans (2 strains), 
Streptococcus pyogenes, Dtplococcus pneumoniae, and “Mucous capsulatus" 
Fraction 657B30 was tested agamst species of Clostridium the effective agent 
m this oil completely inhibited the growth of C putnficum, but was only partially 
effective m controllmg the growth of C histolyhcus, C perfnnges, and C sporo- 
genes Two nonpathogemc species of Mycobacterium, M phlei and M smegma 
its, and one pathogenic stram, M tuberculosis H37, exhibited marked suscep 
tibdity to the action of the oil fractions 
Fraction 657B30 exhibited fungistatic activity toward Femciffium (Waksman), 
Penicilhum cyclopium, Aspergillus niger, and Aspergillus terreus Fraction 
657B33 exhibited only a partial effect agamst these organisms but w as found to be 
highly effective agamst Streptomyces gnseus Candida albicans was observed 
to be partially inhibited by the oil fractions Other representatives of the 
human dermatophytes, species of Mycoderma, Trychophyton, Microsporum, and 
Mucor, exhibited marked susceptibility to both agents Two species of phyto- 
pathogens, Fusanum sp 2 and Rhizoctonia oryzae, were observed to be partially 
resistant to both fractions Other members of this group, Fusanum culmorum, 
Fusanum sp 3, Rhizoctonia solani, and Pestallozia funera, were susceptible to 
the effective agent of fraction 657B30 

Toxicity tests No deaths occurred when the oil fraction diluted 1 100 in 
sterile mmeral od was mjected mtrapentoneally m 0 25- and 0 5-ml amounts, 
the only toxic sign observed was a staggenng gait for penods up to 30 minutes 
after the mjections A 1 3 dilution of 657B30 fraction mtrapentoneally ad- 
ministered m 0 25-ml doses proved lethal m 45 mmutes to one animal, the re- 
mamder succumbed m 24 to 48 hours Of six mice receivmg the moculatcd oil 
subcutaneously (0 25 ml) one mouse died m 18 hours, the remaining animals 
tolerated a second mjection 48 hours later IvLneral oil alone had no effect on 
test animals 


DISCUSSION 

The active agent or agents of the oil fractions were observed to inhibit in 
varymg degrees the growth of all microorgamsms tested The inhibition zones 
observed were not due to the oil per se as definite areas of diffusion were noted 
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Excessive diffusion on several test plates could possibly have been due to a thin 
microscopic film of the oil creepmg over a portion of the agar Even allowmg 
for this possibihty, diffusion of the active prmcipal into the agar and out mto the 
periphery of the test areas was much greater than is usually observed with other 
antibiotic agents, such as pemcillm and streptomycm No local sensitization 
was observed by the authors from handling these agents over a penod of several 
months 


SUMMARY 

The antibiotic activity of oil fractions separated from the root of Leptotaema 
dissecta was detenmned on 62 strains and species of bactena, molds, and fungi 
The heat-stable active agent was bactericidal for gram-positive bacteria at 
lO"* dilution and at 10~^ dilution for gram-negative bactena Fraction 657B30 
was found to be of low toxicity for mice as well as highly effective agamst vanous 
fungi and molds 
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THE PROBLEM OF “DORMANCY” IN BACTERIAL SPORES^ 

JACKSON W FOSTER and E STATEN WYNNES 
Department of Bacteriology, The University of Texas, Austin, Texas 

Received for publication January 21, 1948 

Our experience with the germination of spores of vanous species of clostridia, 
especially Clostridium boiuhnum, has led to conclusions that we believe warrant 
the consideration of mvestigators of this group of organisms and of the aerobic 
sporeformers as well Pertment observations have been made by previous 
authors, but it appears that all the recent available evidence on, and various 
aspects of, the dormancy problem have not hitherto been crystallized mto one 
comprehensive concept 

The essential pomts already estabhshed (Morrison and Rettger, 1930a,6, 
for review of previous literature, Curran and Evans, 1937, Olsen and Scott, 1946, 
Wynne and Foster, 1948a, Foster and Wynne, 1948) are these 

(1) Colony counts from a spore suspension may be submaximum m a few 
days’ mcubation, and mcrease with time over prolonged periods This mdicates 
delayed germmation and is a well-lmown phenomenon for both aerobic and 
anaerobic spores This is the charactenstic feature of classical dormancy 

(2) The effect depends on the medium used, bemg marked m some and non- 
existent m others 

(3) The final spore counts of a given suspension depend greatly upon the 
medium employed, though m each medium counts are at the maximum ob- 
tamable in it 

(4) Certam substances, notably soluble starch (0 1 per cent), elimmate the 
delayed germmation m some media In others the starch mcreases the final 
maximum count, whereas m still others it has no apparent effect In general, 
all complex media preferred for countmg spores show the starch effect 

Data exemphfymg all these pomts may be found m table 1 From the m- 
formation m the hterature, as well as m table 1, the followmg pomts may be 
made 

(a) The so-called “dormancy” m these orgamsms is not an inherent function 
of the spores, but rather of the medium m which the spores are placed to ger- 
mmate 

(b) Even when “dormancy” occurred, or m media with low final coimts, the 
large size of colonies speaks agamst a nutritional madequacy 

* The research which this paper reports was undertaken in co operation with the Com- 
mittee on Food Research of the Quartermaster Food and Container Institute for the Armed 
Forces The views or conclusions contained in this report are those of the authors They 
are not to be construed as necessarily reflecting the views or having the endorsement of the 
War Department 

* Present address Department of Plant Sciences, University of Oklahoma, Norman, 
Oklahoma 
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(c) Accordingly, a plausible conclusion is that “dormancy,” le ciela\ed 

gemmation, and also subma\unal counts are due to substances in norml media 
inhibitory to spore germination “Dormancy” would then be only a manifesta- 
tion of antigermmation substances in the medium and seemingly is, therefore 
merely an artifact ’ 

(d) In the case of the characteristic delayed rate of spore germination during 
dormancy , one may consider this to be a function of subinhibitory concentra- 
tions of certam substances m the normal medium 

TABLE 1 


C hoiulinum 6SA spore recoveries in various agar media* 


SASAL UEOItlU 

1 PER CXWT 
SOLUBLE 
STARCn 

3 

l>fCUBAT 

6 

low, 

17 

s 

M 

Yesair’s plus 0 1% starch 


45 

41 

36t 

_ 

Difco nutrient 

— 

28 


22 


Difco nutrient 

+ 

35 

42 

35 



Difco brain heart infusion 


4 

6 

6 



Difco brain heart infusion ] 

+ 

12 

23 

30 

30 

BBL anaerobic 

— 

0 1 


2 

— 

BBL anaerobic 

+ 


1 

C 1 

S 

Difco yeast extract, 1 0% 

— 

1 10 

' 17 

1 35 

— 

Difco yeast extract, 1 0% 


15 

12 

11 

— 

Corn steep liquor solids, 1 0% 

— 

8 


8 

— 

Corn steep liquor solids, 1 0% 


7 

0 

11 

34 

Fresh beef infusionj 

- 

43 


17 

— 

Fresh beef infusionj 

-b 



53 

— 

Fresh liver infusionj 

- 

24 

24 

23 


Fresh liver infusionf 


46 

52 

49 



* All media contained 0 2 per cent glucose and 0 2 per cent thioglycolate, initial pll 
7 2 to 7 4 

t The somewhat lower counts in this column as compared to the 6 day values are due to 
the obscuring of small colonies by the development of gas bubbles and cloudiness in the 
media 

t Prepared exactly like Yesair's medium (cf Wynne and Foster , 1948) 

(e) In the case of submaxmial counts, the inhibitory substances are of such 
a nature and concentration that the germmation rate of a portion of the spore 
population is zero, i e , they never germmate, for all practical purposes ^ 

(f) The inhibitors evidently are of different types, but one is the Cis un- 
saturated fatty acids (olezc, Imoleic, etc ), which are present in almost all complex 
natural media The addition of these substances to media suppresses^the spore 
germmation rate of clostndia m a maimer reminiscent of “dormancy 

(g) The appreciable mcrease m germination rate, occasioned by the soluble 
starch m some media, is due to absorption of certam inhibitory substances, in- 
cludmg the Qs fatty acids In some media starch has little or no effect m 
enhancmg counts knoivn to be low 
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(h) The different degrees of inactivation of germination inhibitors by starch 
indicate that different media contam varying amounts of different germmation 
inhibitors Solvent extraction of some media mdicates that some of these 
naturally occurrmg inhibitors are nonhpoid 

(i) The significance of these substances inhibitory to germmation is evidenced 
by the fact that the fresh infusions of beef, pork, and hver, ordmarily considered 
ideal nutrients, contam significant amounts of germmation inhibitors, as demon- 
strated by the considerable enhancement of germmation caused by the addition 
of starch Incidentally, fresh beef or hver infusion with starch is just as suitable 
as the widely used (for anaerobes) pork infusion medium of Yesair, with added 
starch 

(] ) Effects similar to that of starch have been observed m the past when supple- 
ments contammg native protems and polysaccharides were added to the usual 
bacteriological media Though this action has been arbitrarily ascribed to 
unspecified nutritional factors, an equally plausible idea is that such substances 
function physically m the manner of starch, through colloid absorption of m- 
hibitory substances, and m some cases this has been proved defimtely 

(k) Unless it is shown that no effect is obtamed by starch, the foregomg data 
and ideas make it imperative that this substance be an mvanable component of 
all media m work on anaerobic as well as aerobic spores when maximum counts 
m the shortest time are desired Even though starch apparently does not coun- 
teract all known cases of retarded germmation, it is the simplest over-all treat- 
ment available without altermg the nutntional status of the basal medium 

(l) The term “dormancy" m the foregomg connection no longer has the degree 
of vahdity it formerly enjoyed, and there now appears to be some question as to 
the justification of its contmued use, unless it occurs m cases m which the effect 
IS shown to be mdependent of the germmation medium 

ACKNOWLEDGMENT 

We Wish to thank Dr 0 B Wilhams for his stimulatmgmterestm this project 

REFERENCES 

CuBKAN, H R , AND EvANS, F R 1937 The importance of enrichments in the cultivation 
of bacterial spores previously exposed to lethal agencies J Bact , 34, 179-189 
Foster, J W , and Wynne, E S 1948 Phjsiological studies on spore germination, with 
special reference to Clostridium bolulinum IV Inhibition of germination by unsat- 
urated Cis fattj acids J Bact , 65, 495-501 

Morrison, E W , and Rettger, L W 1930a Bacterial spores I A study in heat re- 
sistance and dormancy J Bact , 20, 299-311 
Morrison, E W , and Rettger, L W 19306 Bacterial spores II A study of bacterial 
spore gerimnation in relation to environment J Bact , 20, 313-342 
Olsen , A M , AND Scott, W J 1946 Influence of starch in media used for the detection 
of heated bacterial spores Nature, 167, 337 

Wynne, E S , and Foster, J W 194Sa Phjsiological studies on spore germination, with 
special reference to Clostridium hotulinum I Development of a quantitative method 
J Bact , 66, 61-68 




INTERFERENCE BETWEEN HUMAN PNEUMONITIS VIRUS 
AND PSITTACOSIS VIRUS 

ORVILLE J GOLUB and JOHN C WAGNER 
Camp Detnck, Frederick, Maryland 

Received for pubbcation January 23, 1948 

In a previous publication (Golub and Wagner, 1948) it was reported that the 
interference phenomenon could be demonstrated m both eggs and mice with the 
viruses of menmgopneumomtis and psittacosis Although there is considerable 
cross reaction between members of the psittacosis-LGV group of viruses as 
tested by complement fixation (Rake el al , 1941), differences m antigemc pattern 
can be demonstrated to some extent by cross-immunity tests (Beck el al , 1944) 
and by neutrahzation tests employmg hyperimmune rooster serum (HiUeman, 
1945, St John and Gordon, 1947) Human pneumomtis virus, S-F stram, has 
been shown to ehcit httle or no immunity to psittacosis virus, stram 59, moculated 
by the mtracerebral route, although some immumty to mtra-abdommal challenge 
by stram no 59 has been reported (Beck et al , 1944, Eaton et al , 1941) On the 
other hand, psittacosis virus will cross-immimize mice to an mtracerebral chal- 
lenge with S-F virus (Beck et al , 1944), suggestmg either a broader antigemc pat- 
tern or greater antigemcity of the psittacosis virus 

The procedures m such cross-unmumty studies often mvolve the use of hvmg 
virus as a vaccme, tendmg, m many mstances, to produce earner states This 
report concerns a study of the mterference phenomenon m rmce moculated with 
hvmg human pneumomtis virus and its relation to the earner state 

MATERIALS AND METHODS 

V^ruses The S-F stram of human pneumomtis was ongmally isolated from 
the spleen and lungs of two fatal cases of atypical pneumoma (Eaton et al , 1941) 
It has been passed repeatedly through embryonated eggs by the yoUc sac route 
and will kill mice by mtracerebral moculation, but is almost completely m- 
effective by the mtra-abdommal route The 6BC stram of psittacosis virus was 
onginaUy isolated by Dr K F Meyer This stram is lethal m high dilution 
for nuce by both mtracerebral and mtra-abdommal moculation 

The virus preparations used were yolk sac suspensions from eggs either mon- 
bund or dead followmg an moculation of virus by the yolk sac route The yolk 
sacs were ground with sterile glass beads, made up to a 10 per cent concentration 
by weight m sterile nutrient broth, tested for bactenal sterility, and stored m 
a dry-ice chest 

LDso hirattons Intracerebral and mtra-abdommal titrations were performed 
by moculation of 0 03-ml and 0 5-ml volume, respectively, employmg 10-fold 
dilutions m nutnent broth with 8 to 10 mice per dilution The aniTnalH were 
observed for a penod of 21 days and LDjo values were calculated by the method 
of Reed and Muench (1938) 
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Garner tests For the detenumations of the presence of active virus m mice 
at various intervals, the animals were sacrificed and the brains or spleens emulsi- 
fied mdividually m 5 ml of broth m a Ten Broeck glass grinder This suspension 
was inoculated mtracerebrally mto 5 or 6 mice and deaths were recorded over 
a penod of 21 days For the purpose of qualitative recordmg, the following 
designations were chosen, dependmg on the number of deaths obsen^ed in each 
group of 5 or 6 mice 0 or 1 dead, negative, 2 dead, plus-minus, 3 or more dead, 
positive Whenever feasible, deaths the specificity of which were m doubt were 
checked for the presence of virus by nucroscopical observation of impression 
smears of the bram stamed by Macchiavello's method 

experimental results 

Interference mth inira-dbdomtnal challenge The differential pathogemcity 
of the S-F and 6BC virus strains by the intra-abdommal route m mice offers 
a means of testmg mterference between these two strams, although only in one 
direction, i e , S-F virus as the mterfermg agent and 6BC virus as the challenge 
moculum 

Livmg S-F virus was moculated mtra-abdommally mto a group of mice in a 
volume of 0 5 ml each This volume was calculated to contain 10‘ ’ intra- 
cerebral LDso doses (This procedure results m only an occasional specific 
virus death ) At mtervals of 1 hour and 1, 3, and 6 days groups of these mice 
were challenged by the mtra-abdonunal route with the stock 6BC virus m 
dilutions of 10”®, 10~^, and 10~®, usmg 10 rmce per dilution Normal mice of 
the same age were moculated at the 1-day mterval with the same dilutions of the 
6BC virus The results of this experiment are recorded in table 1 

Five of the S-F-moculated mice were tested for a carrier state m the spleen 
on the eighth day accordmg to the procedure described All of the 5 mice tested 
were negative 

The results of this experiment mdicate an mcrease m resistance of the test 
noace to the mtra-abdommal moculation of BBC virus at each mterval tested 
The end pomt of the control titration was not reached, but even if it is assumed 
that no mice would have died m the next higher dilution, the LD^o would bo 
10-® ® This figure is from 1 8 to 2 1 logs higher than any of the titrations m the 
S-F-moculated mice and represents a protection, on the average, agamst approx- 
imately 100 LDso doses 

In the next experiment a greater range of intervals was tested, including OBC 
moculations both before and after the S-F inoculation The same concentration 
of S-F virus was employed as m the previous experiment A different stock 
6BC virus preparation, havmg a lower mitial titer, was moculated intra-ab- 
dommally m 4 tenfold dilutions, from 10'® through 10'®, emplo>ing 8 mice per 
dilution The mtervals chosen for the GBC inoculations w ere (1) 2-1 hours before 
the S-F moculation, (2) 6 hours before, (3) immediately after, and (1) G da>d 
after The control titration w'as performed on normal mice of the same age 
group at the 6-day mterval The LDso end pomts obtained are shown in table - 

It IS apparent from the results that m order to demonstrate any interference 
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effect between these two viruses by this method the S-F virus, actmg as the 
mterfermg agent, must be admmistered at the same time as or before the BBC 
virus The fact that 6 hours’ time is sufficient to prevent the operation of the 
mterference effect is evidence of a fairly rapid reaction between mfectmg virus 
and host cells 

Garner tests were performed on 5 mice of the S-F-moculated group at m- 
tervals of 6, 13, and 20 days At the 6-day mterval, 4 out of 5 spleens were 
positive for active virus, whereas at the 13- and 20-day mtervals all were negative 

TABLE 1 


Interference between S-F and 6BC viruses inoculated intra-abdominally tn mice 


PiDIAXY INOCULATION 
(INTKA ABDO-ONAL) 

INTERVAL 

SECONDARY INOCULATION ] 

(ECTRA ABDOitINAL) , 

UOU5E 

ilORTALXTY 

RATIO 

(D/T)* 1 

! 

LD« 

Vims 

Do age 
(IC LDm s) 

Yinis 

Dilution 

S-F 

10' > 

1 hour 

6BC 

lo-* 

6/10 

lO-'-' 





10-’ 

4/10 






lO-s 

0/8 


S-F 

10« » 

1 day 

6BC 

10-' 

6/10 

lo-*-* 





10-' 

3/9 






10-8 

1/10 


S-F 

10' ' 

3 days 

6BC 

10-' 


lO-* ' 


1 



10-' 

3/10 






10-' 

1/10 


S-F 

10' » 

6 days 

6BC 

lO-* 

4/10 




j 


10-' 

4/10 



1 

1 

1 

10-' 

1 

0/9 


None 


1 day 

6BC 

lO-* 

10/10 

10-' 8 

1 




10-^ 

9/10 

or higher 





10-' 

8/10 



* D/T =* Dead mice over total inoculated 


At the 20-day mterval possible mtracerebral cross immunity was tested by 
moculatmg BBC virus m dilutions from 10~® through 10“^ mto S-F-moculated 
mice and control mice of the same age The LDso end pomts were 10~® ^ and 
10~^ ®, respectively These results confirm previous statements m the hterature 
(Beck et al , 1944) on the lack of a strong mtracerebral cross immumty to BBC 
virus when S-F virus is used as the umnumzmg agent 
Interference with intracerebral challenge Preliminary earner tests on the 
brains of several mice, previously moculated mtra-abdommally with hvmg S-F 
virus, had mdicated that active virus could be recovered from this region for at 
least several daj s It was felt that the presence of active S-F virus might be 
playmg a role m whatever mtracerebral resistance to BBC virus was demon- 
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strable In order to test this possibility, a group of mice were inoculated by the 
mtra-abdonunal route with 10” intracerebral LDjo doses of active S-F virus 
At intervals of 1, 3, 10, and 21 days thereafter, intracerebral resistance to GBC 
virus was tested by inoculation of stock vurus m dilutions from 10~^ through 10~*, 
usmg 8 mice per ddution A control titration was run on normal mice at the 
10-day mterval On the same days as the groups of mice were tested for mtra- 


TABLE 2 


The effect of sequence and time tnleruals of tnoculahons on interference 
between S-F and BBC viruses 


INTESPEKmC AGENT 
(DiTBA ABDOiONAI.) 

INTEHV.U.* 

SECOVOAiY DtOCULATIOV 
(IMRA ASLOimjAL) 

UOUSE 

MOaXALlTi 

RATIO 

(D/T) 

LD.j 

Virus 

Dosage 
aC LD«»s) 

Virus 

Dilution 

S-F 

10« 3 

—24 hours 

6BC 

10-' 

7/S 

10-' ‘ 





10-1 

7/S 






10-' 

1/S 






10-« 

1/8 


S-F 

10' ' 

—6 hours 

6BC 

o 

1 

■nn 

io-'» 





10-^ 







10-> 







i(n 

imii 


S-F 

10' » 

0 hours 

6BC 

lo-* 

6/8 

10-* ’ 





10-' 

0/8 






10-’ 

0/S 






10-’ 

0/S 


S-F 

10' ' 

-f6 days 

6BC 

10-' 

2/8 

10-“ 





10-’’ 

4/8 






10-' 

0/6 






10-^ 

0/8 


None 



-f-6 days 

6BC 

lo-* 

5/8 

10-' * 





10-' 

5/8 






lO-* 

3/8 






lO-’ 

2/8 



* Based on the tune of inoculation of the S-F virus 


cerebral resistance, earner tests were performed on both brams and spleens of 5 
mice The results are presented m table 3 
By the tenth day after moculation with S-F virus there appeared again sliglit 
mcreased resistance to mtracerebral challenge with 6BC varus (one log difference 
m LDso end pomt) The group tested on the twenty-first day showed approx- 
unately the same degree of resistance With regard to the carrier studies, it is 
apparent that active varus reaches the bram m demonstrable concentration by the 
thu-d day and remams m some of the animals through 10 days By the twenty* 
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first day only 1 of 5 mice showed active virus m the bram The results with 
the spleen tests suggest that the carrier state of S-F virus m this organ is even 
more tiansitoiy than m the bram, no active virus bemg recovered on the tenth 
day When the results of the 6BC challenge are considered together with the 
results of the carrier tests on the bram, it would appear that the mcreased mtra- 
cerebial resistance begins to manifest itself at a time when the S-F virus concen- 
tration m the biam is decreasmg On the other hand, at the 3-day mterval, when 

TABLE 3 


Intracerebral resistance to SBC virus following intra-abdominal 
inoculation of S-F virus 


pantASY 

INOCULATION 

(INTOA 

ABDOmNAL) 

, INTER 
VAL 

RESULTS OF CARRIER TESTS 

SECONDARY 

INOCULATION 

(iNTRA 

cerebral) 

HOUSE 

hortality 

RATIO 

(D/T) 

LDio 

Virus 

Dosage 
, (IC 
LDea’s) 

Bram 

Spleen 

Virus 

Dilu 

tion 



days 



i 




S-F 

10» 3 

1 

t t ) f 

—) +> + 

6BC 

io-« 

8/8 

lO-'-* 





i 


10-1 

5/8 








10-* 

3/8 


S-F 

IQS 3 

3 

-b. -b, +, -b, -b 

+. +> + 

6BC 

10-5 

8/8 

lO-'-* 







10-' 

5/7 








10-s 

2/8 


S-F 

106 3 

10 

— > +1 +i + 

7 7 7 7 

6BC 

10-» 

5/8 

10-6 6 







10-' 

3/7 








10-* 



S-F 

106 3 

21 

> 7 ^7 “■ J “i" 

7 7 7 7 

6BC 

10-» 

6/8 

10-5 5 







10-' 

1/6 








10-5 



None 

mm 

10 



6BC 

10-5 

8/8 

10-^ 







10-' 

7/8 



H 





10-5 

1/7 



all the mice tested showed definite evidence of active S-F virus m the bram, no 
mtracerebral resistance was found These results mdicate that mcreased resis- 
tance cannot be accounted for by the presence of hvmg S-F virus m the bram, 
although it may be the result of a carry-over cellular effect 
In this regard, Vilches and Hirst (1947) have reported m a recent pubhcation 
that PUS mfluenza virus moculated mtracerebrally mto nuce results m a marked 
mterfermg effect agamst WEE virus The full mterference activity was demon- 
strable for a period of 7 days foUowmg the primary moculation and gradually 
dechned thereafter Tests on the persistence of the PUS virus m the brains of 
mice thus moculated showed that no growth of the virus took place, but rather 
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that a consistent decrease in infective concentration was observed until, b\ the 
fifth day, no activity was demonstrable m a IQ-i dilution 

In the case of the S-F virus, however, there is indication of growth in the spleen 
and m the bram following mtra-abdominal moculation in high concentration, 
although the infection is only infrequently lethal by that route In spite of this! 
intracerebral resistance was not evident at the period when interference would 
be expected 

When it was found that intra-abdonunal resistance and intracerebral resistance 
persisted beyond the penod at which the virus appeared most consistently in the 
organs tested, an attempt was made to differentiate mterference effects from 
cross immunity by means of the time of appearance of antibodies in the blood 
stream of the animals Accordingly, groups of 10 mice were bled at intervals 
of 0, 3, 6, 12, and 24 days after receiving an mtra-abdommal moculation of living 
S-F virus, as m the experiments just described The sera from each pooled 
group was mactivated at 56 C for 30 mmutes Complement-fixation tests iv ere 
run usmg a 1 4 ddution of a phenolized antigen prepared from S-F-infccted 
yolk sacs An S-F-immune rabbit serum was mcluded among the controls 

None of the mouse sera showed a positive complement-fixing reaction m the 
lowest dilution tested (1 4) The positive rabbit serum control showed four- 
plus fixation through a dilution of 1 16 

When an mcreased resistance is demonstrated in the animals witbm a few 
days of the primaiy moculation, there is little doubt that the primary factor is 
the mterference effect When the time mtervals betiveen the interfering and 
challenge moculations are mcreased, however, the question arises, in cases where 
the agents mvolved are antigemcally related, as to when interference ceases and 
immumty begms The complement-fixation tests desenbed above shed no 
light on this matter, smee the antibodies, which would be evidence of antigenic 
immimity developmg, did not appear 

The foUowmg experiment was performed in order to investigate possible intra- 
cerebral interference between these two viruses under conditions in which the in- 
terfering virus could be moculated directly mto the brain in known concentration 
Smee both viruses mvolved are lethal by this route, preliminary immunization to 
the S-F virus was required One group of mice were moculated subcutaneously 
with 0 6 ml of a 10-’ broth ddution of S-F virus (representing approximately 10^* 
mtracerebral LDso doses) as the immumzmg mjection, and a control group were 
moculated subcutaneously with 0 5 ml of stenie broth Fourteen days later the 
two groups were divided and remoculated mtracerebrally in a volume of 0 03 
ml as follows 
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Two days later, groups 1, 2, and 3 were challenged with 6BC virus, intra- 
cerebrally or intra-abdominally, in dilutions from 10“® through 10~®, using 8 
mice per dilution Group no 4 remamed as controls The results of these 
titrations are presented m table 4 


TABLE 4 


Resistance of mice to 6BC virus following subcutaneous immunization and 
intracerebral inoculation with S-F virus 




INTERPERINO 

COALLENGE INOCULATION 

MOUSE MORTAL 


CROUP 


(INXRA 

cerebral) 




ITY RATIO 

LDu 

NUUBSS 

(subcutaneous) 

Virus 

Route 

Dilution 

(D/T) 


S F 

S-F 

6BC 

IC 

10 -“ 

7/8 

lO-i-* 






io-» 

2/6 







10 -* 

1/8 







10-» 

0/8 


1 




IP 

10-* 

1/8 

<ia-“ 






10-' 

1/8 







10-* 

0/8 







10-» 

0/8 



S-F 

Broth 

6BC 

IC 

10-« 

7/7 

10-’ • 






10-' 

4/7 







10-® 

0/8 







10-> 

0/8 


2 




IP 

10-« 

3/8 

10-* • 






10-'' 

4/8 







10-» 

2/7 







lO-' 

0/8 



Broth 

Broth 

6BC 

IC 

10-' 

8/8 

lO-J » 






10-’ 

8/8 







10-» 

3/8 







10-' 

1/7 


S 




IP 

10-“ 

6/8 

10-« • 






10-' 

7/8 







10-“ 

6/8 







10-* 

2/8 



By comparison of LD50 values m table 4 it can be seen that both groups no 1 
and no 2 showed approximately a 1-log decrease m end pomt compared to the 
controls when challenged with 6BC virus by the mtracerebral route These 
results mdicate that the presence of hvmg S-F virus m the brams of the animals 
m group no 1 did not mcrease significantly their resistance to the 6BC virus over 
and above that engendered by the original subcutaneous moculation of S-F virus 
The mtra-abdommal resistance of both these groups to the 6BC virus can prob- 
ably be ascribed to a weak state of cross immunity due to the subcutaneous 
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S-F inoculation Group no 1, which received S-F vuus both subcutaneoudj 
and intracerebrally, manifested what is probably greater inununitj than tint 
found m group no 2, which had only one S-F injection by the subcutaneous route 
This difference may be due to the secondary stimulus offered by the intracerebnl 
injection of S-F vuais m group no 1 two days before the 6BC challenge The 
mice m control group no 4 all died 

Garner tests were performed on the brams and spleens of extra mice fiom group 
no 1 at mtervals of 2, 4, 7, 14, and 28 days (brams only) after the mtracerebral 
moculation of the S-F virus Five mice were tested at each tune interval The 
results showed that m mice immunized and challenged vrith S-F virus in thia 
m a nn er, the brams contmued to harbor active virus throughout the 28 day 
penod tested At least 4 of 5 mice tested at each mterval were positive The 
spleens, however, were negative throughout the fiame period 

This experiment was repeated twice using a smaller original subcutaneous 
moculation of S-F virus as the immunizmg dose and a small mtracerebral inocula- 
tion of the same virus as the mterfermg dose The mice were challenged with 
the 6BC virus mtracerebrally on the second day follomng the latter inoculation 
The results were very similar to those just described Carrier tests on the four- 
teenth day showed virus present m the brams of 4 of 5 mice tested, but again 
none m the spleens In the mice receivmg only the subcutaneous inoculation of 
S-F virus, no virus was demonstrable m either brams or spleens when tested at 
the same mterval 


DISCUSSION 

It IS well known that infection with some of the members of the psittacosis- 
LGV group of viruses results m latent or mapparent infections from which active 
VITUS can be recovered for long periods of time (Beck et al , 1944, Bedson, 1938) 
This suggested the possibihty that immune reactions, exhibited m animals 
moculated with hvmg virus, might be due to the presence of the active virus 
rather than to a true imm unity The results of the present study, m which 
mterference, immuni ty, and carrier tests are correlated, do not necessarily support 
this possibdity 

The experiments in which mice were given an moculation of living S-F virus 
mtra-abdommally and challenged with 6BC virus by the mtracerebral route 
showed that, although active S-F virus was present in the brains i\ithin a few 
days, no mterference was evident during this penod Further, the experiments 
m which S-F-immunized mice were given an mterfermg dose of S-F virus directly 
mto the bram, followed by an mtracerebral challenge with 6BC virus, gave no 
mdication of an mcreased resistance beyond the cross immimity produced by the 
S-F immunizmg mjection 

The results of the tests employmg the mtra-abdominal route for both intcr- 
fermg and challenge moculations gave somewhat different results, however, since 
active vuus was recoverable from spleens dunng the early mtervals when an 
mterference effect would be expected The mcreased resistance could be demon- 
strated early and was retamed beyond the tune when active virus was con^iist- 
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ently present The latter observation might be explained on the basis of a 
carry-over mterfeience effect, such as was found with mfluenza and WEE viruses 
(Vilches and Hirst, 1947), or on the basis of a cross immunity between the two 
virus strams, or a combmation effect However, no complement-fixmg anti- 
bodies, even to an homologous antigen, were demonstrable 

When the results of mterference experiments performed withm the psittacosis 
group of viruses are compared with observations on several other virus systems 
studied, it IS apparent that a resistance of only a relatively low magnitude is 
demonstrable withm this group Although the difference m end pomts between 
test and control senes in several cases was less than 2 logs, when the percentage 
deaths m the groups were compared, the differences were calculated to be greater 
than twice the standard error mvolved 

SUMMARY 

Interference effects were demonstrated m rmce when human pneumomtis virus 
(S-F stram) was moculated by the mtra-abdommal route followed immediately, 
or at short mtervals, by psittacosis virus (6BC stram) moculated by the same 
route Although active S-F virus reached the bram withm a few days under 
such conditions, the mice did not show an mcreased mtracerebral resistance to 
psittacosis virus until a longer interval had passed, at which time the S-F virus 
m the bram was disappearmg The resistance was only shght and due probably 
to cross immunization 

When human pneumomtis virus was moculated directly mto the brams of im- 
munized mice, no rapid mcrease m resistance to psittacosis virus by the mtra- 
cerebral route was observed beyond that engendered by the S-F immunizmg m- 
injection These results mdicate that the mere presence of hvmg S-F virus in 
the bram, shown by carrier studies, does not necessanly produce mterference 
effects 

It would appear that cross-immumty studies between these two viruses are 
not comphcated by the mterference phenomenon when the mtracerebral route 
IS used for challenge When the mtra-abdommal route of challenge is em- 
ployed, however, a resistance not entirely due to antigemc cross immunity may 
be found 
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A few years ago I discovered that preparations of the bacterial viruses T4 
and T6 produce more plaques when plated with their host, Escherichia colt 
strain B, on Difco nutrient agar (N) than they do on agar containmg only 
morgamc salts and ammomum lactate as a source of mtrogen and carbon (Ander- 
son, 19456) It, therefore, appeared that some substance or cofactor, present 
m the nutrient medium, had promoted the activity of these viruses To identify 
the activatmg substance the effect on virus activity of mdividual growth factors 
and ammo acids was studied n-Tryptophan was found to be most active m 
promotmg plaque formation by T4, whereas phenylalanme, diiodotyrosme, and 
tyrosme showed progressively lower activities Many other synthetic ammo 
acids havmg aromatic groups are also active, but D-tr3q3tophan appears not to be 
active (Anderson, 1946a, 6) Oddly enough, norleucme is shghtly active (Del- 
bruck, 1948) 

Regardmg the mechamsm of action of these substances it was discovered that 
T4 and T6 particles were not even adsorbed on host cells m the synthetic medium 
(Anderson, 19456) This result, first obtamed by centrifugation experiments, 
IS str ikin gly confirmed by electron microscope studies of virus-host mixtures with 
and without added tryptophan In the synthetic F medium no T4 particles are 
seen adsorbed on the host cells (figure 1, no 1), but on the addition of trypto- 
phan to the mixture many tadpole-shaped mrus particles may be seen attackmg 
the ceU surface (figure 1, nos 2A,B) (Anderson, 19466) In some way, therefore, 
L-tryptophan has the power of promotmg the adsorption of the virus T4 on its 
host We shall refer to compounds havmg such action as adsorption cofaclors 

Because this phenomenon offers an experimental tool for the study of the 
specific, but httle understood, mechamsms of virus adsorption, it was decided to 
mvestigate the matter further — m particular to determme the site of action of 
the cofactors This work, which is reported here, shows that it is the virus par- 
ticles that are activated by L-tryptophan rather than the bacterial cells 

MATERIAL AlfD METHODS 

The host {Escherichia coli stram B), the virus T4, the growth media, and the 
methods of assay were the same as those reported earher (Anderson, 19456) 

Virus was grown on the host m 1,500-ml shaker flasks, with aeration at room 

‘ This work was supported by a grant from the Medical Research Division of Sharp and 
Dohme, Inc , and by Contract N6-ori-168 Task Order II between the Navy Department and 
the Trustees of the Umversity of Pennsylvama 
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temperature, m the synthetic ammomum lactate medium (F) It w is then 
purified and concentrated by differential centrifugation 1,000 rpra for mmutos 
to remove the unlysed bactena and 10,000 rpm for 2 hours to sedmient tlie i irib 
The virus so obtamed was resuspended m F medium, and after a few dajs’ or 
weeks’ storage at 4 C the differential centrifugation was repeated Fmallj, 
the material was filtered through a Mandler filter of “medium” porosity to re- 
move bactenal contammants 

Two such vnais concentrates were used m this work One, designated Tl 
(5/10/45), was obtamed by seedmg the shaker flask contaming B with about 
10“ T4 particles from a clone derived from the origmal T4 stock Tins con- 
centrate assayed about 1 6 X 10“ on nutnent (N) agar and about 3 X 10* 
on F agar The other T4 concentrate was obtamed by seeding a sluiker 
flask containmg B with T4r plaque (Hershey, 1946) isolated from an N agar 
plate used m a routme assay of the T4 (5/10/45) concentrate This stock con- 
centrate, designated T4r (3/10/47), gave an assay of 3 X 10“ particles per ml 
on N agar and only 6 X 10“ on F agar 

Two methods were available for the determmation of the relative concentra- 
tions of activated virus, T4* One method takes advantage of the fact that 
once the virus particles have become attached to host cells the infected cells are 
efficient m produemg plaques on bacterial smears on F agar at 37 C The 
number of plaques observed on this medium is thus taken to be proportional to 
the concentration (B T4) of bactena that had been infected under the conditions 
of adsorption of the virus on the host The total concentration (T4) of plaque- 
formmg particles wtU be taken to be proportional to the number of plaques that 
are formed by appropriate dilutions on Difco nutrient agar (N) or on F agar con- 
taming 10 (ig L-tryptophan per ml (Anderson, 19455) 

Another method mvolves the phenomenon of summary lysis (Anderson, 19-15a) 
When the host cells are heavily irradiated with ultraviolet light and then exposed 
to T4 virus m the presence of L-tryptophan, they are rapidly lysed w ithout the 
multiplication of the virus The rate and evtent of lysis was found to be a quali- 
tative measure of the amount of T4* in the mixture of virus and irradiated B 


Ficube 1 

Procedure E coh strain B grown for 18 hours at 20 C on a synthetic medium (F) si mt 
was suspended in 1 ml of liquid F medium, and 0 1 ml samples were placed in test tubes 
numbered 1 and 2 One-tenth ml of T4 virus suspension in synthetic (F) medium was added 
to test tube no 1 and 0 1 ml of T4 virus in synthetic (F) medium containing 100 pg l trypto 
phan per ml was added to test tube no 2 The tubes stood 3 minutes at 2o C A droplet 
from each test tube was then placed on a separate formvar membrane ““i mem 

branes had stood 30 seconds, they were washed 8 times in distilled water and allowerl to drv 
The specimens were then placed in the electron microscope holders, shadowed with gold 
(Anderson, 1946c), and examined in an RCA type B electron microscope with no lirnitmo 

If coh B + T4 varus from test tube no 1 contaimng no added cofactor No ad 

sorb€d vnrus is visible E^XG 213d X 10,000 . i 

2A E colt B -f T4 virus from tube no 2 containing ^ uS L'tr\ptophan per ml 
Many varus particles are adsorbed on each host cell ^IG 2l6d X 10^ 

No 2B E coh B + T4 virus from tube no 2 EMG 217d X -o,000 
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experiment VL RESULTS 

The Dependence of T', Aciieity on Tryptophan Concuilralion 

Summary of lysi6 method To each of G colorimeter tubes u is uldcd 0 1 ml 
of the concentrated suspension of T4 (5/10/45) To e icli Mas then addul 0 I 
ml of F medium containmg 14, 10, G, 4, 2, and Opg of DL'ti 3 'ptoph m, lespcetn th 
About 5 minutes later, at time t = 0, to the fiist tube ueie added 1 0 ml of i 
suspension of B that had previously been irradiated Mith ultiaMolet light from 



(PL TRYPTOPHAN) IN T4 SUSPENSION 

Fig 2 The Lisis of Irrldiated B Suspensions Idued to Tl (5/10/15) CoNti srinris 
Containing Various Added Concentrations of i fiiAiroiiiAN 

The turbidities, T, of the mixtures of bacterm and virus are plotted atiuist the IrAjilo 
phan concentrations nith which the T4 was incubated 

an H-4 lamp (Anderson, 1945o) At t = 1 minute the turbiditj of this si^ikii 
S ion was read with a Klett colorimeter At t = 1 minute 4 ml of the irradi iti d 
B suspension were added to the second tube, its turbiditj' was rc id at t — Ij 
minutes, and so on until irradiated B had been added to each of thi tiilas and 
the turbidities of all the mixtures determined Vt later interA ds the suipcn-’miH 
were taken in turn, shaken gently to prexent settling of the b uteri i, and tin ir 
turbidities read The results are presented m figure 2, when tin turbidit\ 
reidings are plotted as ordinates igainst the eoneentr ition of trxploph m m tin 
Mrus suspension before the addition of the batten i CiirAis Iiaac bit a <lr u n 
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through the points for each of the various time mtervals It is seen that the 
measurable lytic activity increases rather abruptly from ml for virus exposed to 
less than about 1 5 jug DL-tryptophan per ml to a marked value at 2 /ig per ml 

In another experiment it was found that no measurable lysis was mduced by 
addin g the same total amounts of ti 3 rptophan to 4-ml mixtures of virus and 
irradiated B These results mdicate that the tryptophan activated the virus 
m the concentrated suspensions, rather than the bacteria after they were mixed 
with the T4-tr3T)tophan suspensions 

Plaque count method In a senes of prehmmary experiments samples of T4 
(5/10/45) were mcubated with L-tryptophan at various concentrations m F 
Ten ml of B m F were then added with stirrmg to 0 1-ml samples of the T4- 
tryptophan mixtures After 5 mmutes had been allowed for adsorption, the 
mixtures were assayed for (B T4) and for (T4) on F and N agar, respectively 
The ratios of the assays on F to the assays on N rose 100-fold for mcubation con- 
centrations between 0 2 and 10 iig L-tryptophan per ml In parallel experi- 
ments m which L-tryptophan was added to mixtures of T4 and B in F, a cor- 
respondmg rise m (B T4) did not occur until the tr 3 T)tophan concentrations in 
the mixtures were brought to 0 2 to 10 jug L-tryptophan per ml Since the con- 
centrations to which the B mixtures were exposed m the first experiments were 
only 1/100 of these values, whereas those to which the virus had been exposed 
were the same, it appeared that the tryptophan acted on T4 m makmg it capable 
of adsorption rather than on B m makmg it “receptive" to the virus 

An experiment m which a series of T4r (3/10/47) samples were mcubated with 
various tryptophan concentrations and adsorbed on B at the same tryptophan 
concentrations is summarized m figure 3 It is seen that the number of plaques 
obtained on F agar increased over 100,000-fold as the tryptophan concentrations 
with which the T4 was mcubated mcreased from 0 1 to 1 0 jug per ml Since 
the only systematic variable m the experiment was the tryptophan concentration 
to which the virus had been exposed we may cpnclude that the effect of trypto- 
phan was on the virus 

Activation of T4 by ir-Tryptophan as a Function of Temperature 

Summary of lysis method Samples of T4 (5/10/45) were exposed to 6 yg 
DL-tryptophan per ml for various lengths of time at room temperature and at 
0 C Irradiated host bacteria were then added to each m turn and the tur- 
bidities of each tube read at mtervals The results, plotted m figure 4, show that- 
the temperature of exposure of the virus to this cofactor had a decided effect on 
the virus activity, httle or no activity resultmg from exposure at 0 C and marked 
activity resultmg from analogous exposures at room temperature 

Plaque count method In three experiments, 0 1-ml samples of T4 (5/10/45) 
contammg 20 jug of L-trjqitophan per ml were placed m test tubes and mcubated 
at various temperatures for 1| to 5 hours To them were then added with stir- 
nng 10-ml volumes of actively growmg B m F medium at 37 C The mixtures 
were then assayed on F agar for (B T4) and on N agar on F agar containmg 10 
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CONCENTRATION OF i-TRYPTOPHAN INACTIVATION TUBE 

Fig 3 The Formation of Plaques on F Medium bt Mixtures of Host B\cteriv ind 
T4 That Had Been Activated bv Various Concentrations of L-TRrPTOpii\N 

Procedure T4r (3/10/47) was diluted 1 10 m F medium contamins lOOpgof l tr> ptopban 
Various dilutions of this mixture were then made and volumes placed in a senes of incuba 
tion tubes (labeled s to x) such that each tube contained 0 2/ig of l tryptophan and 0 X 10* 
virus particles as follows 


TUBE 

B 

B 

B 

B 

\r 

z , 

y 

Volume (ml) 

1 2 0 1 

1 1 0 I 

1 0 4 1 

1 0 2 

0 1 

1 0 05 

0 5 

Pg tryptophan per ml 

0 1 1 

0 2 j 

0 5 j 

1 0 

2 0 j 

4 0 

0 1 


The incubation tubes were kept at 37 C for 25 minutes, at the end of which time the contents 
of the following bacterial tubes each contaimng4 X 10” bacteria were added to the corre 
sponding tubes of virus 


TUBE 

1 

s 

B 

u 

B 

W 

N 

ml 24-hr-aer3ted B in F 

8 

! 8 

8 

8 

! 8 

8 

ml F medium 

0 

1 0 

1 6 

i 

1 S 

1 9 

i 'Jo 


After 5 minutes had been allowed for adsorption, the mixtures were assajed on F a^ar ind 
on N agar for B T4 and for total virus, re3pectivel> The asoa>s on N ag-r were coi slant, 
those on F agar varied as shown Since the conditions in the adsorption tube j ure n i-nti 
cal, the differences in the aa3a>3 on F agar must have been due to the differences in tie 
concentration of L-trvptophan with which the virus had been incubated 
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fig L-tryptophan per ml for (T4) The results, expressed as ratios between the 
adsorbed virus and free virus 

T? = (B T4) 

(T4) - (B T4) 



0 10 ao 30 40 50 min 


TIME 

Fig 4 The Effect of Temperature op Incubation on the Activation of T4 (5/10/46) 

BY 3 flG L-TrYPTOPHAN PEE ML AS DETERMINED BY ItS SUMMARY 

Lysis op UV Irradiated Host Cells 

Procedure To 0 1 ml samples of T4 (5/10/45) in colorimeter tubes was added 0 1 ml of 
DL-tryptophan The tubes were incubated at 0 C and at room temperature as follows 


EAUFLX 

fiG DL-TtYPTOPHAN/m. 

SUCCESSIVE TEilPEEATUKE TBEATMENTS 

Mm at room 
temperature 

Mm at 0 

Mm at room 
temperature 

I 

0 

0 

0 

10 

II 

3 

0 

10 

0 

III 

3 

0 

5 

5 

IV 

3 

5 

5 

0 

V 

3 

0 

0 

10 


Four samples of B irradiated 10 minutes with the H-4 arc were then added to each and the 
turbidities (T) read on a Klett colorimeter and plotted against times after mixing 


are plotted m figure 5 agamst the reciprocals of the absolute temperatures T 
at which the virus was equilibrated with tryptophan 

It IS seen that the activation is a fimction of the temperature to which the 
virus was exposed durmg contact with cofactor, bemg a maximiim near 35 C 
and falhng off rapidly on either side The extension of the value to higher tem- 
peratures is prohibited by the rather rapid mactivation of the virus above 60 C 
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Actuation of T4 by i.-Tryplophan as a Function of pH 

Plaque count method Abquots of the T4 (5/10/45) suspeosion were iddcJ to 
F medium and, adjusted to various pH’s iv ith HCl or NaOH and enough L-trj pto- 
phan was added to each to brmg the concentration to 20 tig per ml .Uter 
standmg at 28 C for 30 namutes, 0 1-ml samples were added vith stirring to 
lO-ml samples of an aerated culture of B m F medium The latter mexturcs \\cre 
then assayed for (B T4) on F agar and for (T4) on F agar containing 10 ^ig of 
L-tryptophan per ml The results, expressed m terms of R as before, are plotted 
m figure 6 It is seen that the activation is again a function of the conditions 



0030 0032 .0034 0036 

l/T 

Fig 5 Tbs Activation of T4 by 20 hg n-TarpTOPHAN peh no at Vabious TsitvhiuTvma 

The results of three experiments are plotted The ratios R of adsorbed to free virus aru 
plotted as ordinates against the reciprocal of the absolute temperature of acti\ation as 
abscissae 

of exposure of the virus to tryptophan, bemg a maximum at pH 7 5 and falling 
off on the acid side Above pH 8 G and belott pH 3 8 the virus is rapidly mac 
tivated m F medium so the extension of the curve beyond these values is not 
feasible 

Actuation of T4 as a Function of the Length of Exposure to h-Tryploplion 

Plaque count method T4 (5/10/45) uas diluted 1 50,000 in 200 ml of 1 
medium at 26 C and placed m a Warmg-type blender One-tenth ml from the 
suspension m the blender -u as then added to 1 9 ml of F medium that contamc 
9 X 10® B At time t = 0, 0 4 mg of n-tryptopban di=sohed m t ml of F ^vta 
added to the contents of the blender, and the motor uas turned on for 2 ::ccondi 
to mix the contents Then at mtervals 0 1-ral samples were rernoetd irorn 
the blender and added with stirring to 1 9-ml samples of the bacterial su^pcii- 
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sions, the tune of addition being carefully noted After 5 minutes had been 
allowed for adsorption, the B-T4 mixtures weie assayed for plaque-forming 
particles on F and on N agar The results piesented in figure 7 show that the 
virus rapidly gamed activity with the length of time it was exposed to L-trypto- 
phan 



pH 

Fic 6 The Activation op T4 by 20 iiG l-Tsyptophan pee he at Vahious pH’s 

The results were expressed as the apparent ratio R between the active to inactive virus 
and the values plotted above on a logarithmic scale versus the pH The value R at pH 2 9 
was determined to be less than 0 002 

The Deachvaiion of Tryptophan-activated T4 bij Dilution in F Medium 

The results presented so far indicate that the virus T4 is activated by L-trypto- 
phan at concentrations above 0 2 pg per ml and that the extent of activation 
depends on the tryptophan concentration, the temperature, and the pH A 
number of observations suggested that this activation is reversible For ex- 
ample, T4 grown on B m nutrient medium is rapidly adsorbed onto host cells 
added to the suspension However, if such a suspension is diluted 1 1,000,000 
m F medium and then added to B, only 0 1 per cent of the particles will be ad- 
sorbed or form plaques on F agar The virus must then have lost its activation 
on dilution in F medium This rate of deactivation of tryptophan-activated T4 
was followed in the foUowmg experiment 

One-half cubic centimeter of T4 (5/10/45) was added to 9 5 ml of F medium 
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LENGTH OF EXPOSURE Or T4 TO 2^^ L -TRYPTOPHAN /ml 

Fia 7 The Activation op T4 (5/10/45) in F Medium vt 26 C as a Function of tub 
Length of Exposure to 2 ua u-Tni ptopuan per ml 



TIME AFTER DILUTION ( SEC) 

Fig 8 The Loss of ACTmir of T4 Activated by 20 aio l-Tryptopilan i eu ml acteu 

Dilution 1 lOO in F Medium 

In curve I the value of (B T4) is seen to drop rapidl> and approach the ^alue for virui 
that had not licen exposed to added L-tryptophan When the latter value is auhtruct' d 
from the values observed at different tunes the fractions plotted in curve II were ohtairi d 

containing 20 pg L-tryptophan per ml and alloued to stand about 30 minute ■> 
room temperature to activate the \ irus At time t = 0, 0 1 ml of tliis suspension 
•was added to 10 ml of F medium and stirred rapidly Since the conctnir-tion 
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of tryptophan was only 0 2 ng per ml m this suspension, the virus might have been 
expected to lose activity with time After various time mtervals 0 1-ml sam- 
ples of the diluted suspension were added to 10-ml samples of a suspension of 
B m F medium This permitted the virus that had retamed its activity to 
infect host cells to form B T4, which, bemg capable of formmg plaques on F 
agar, would provide a measure of the decreasmg concentration of tryptophan- 
activated virus m the diluted T4-tryptophan nuxture Appropriate dilutions 
of the suspensions were then made and samples plated on F agar to provide 
plaque counts of the total number of plaque-formmg particles (T4) The re- 
sults, shown m figure 8, curve I, show the ratios of mfected bactena to total 
virus, (B T4) (T4), plotted logarithmically against the time after dilution at 
which the samples were added to the bacterial suspensions The pomt at zero 
time was obtamed by addmg 0 1 ml of the T4 m 20 tig L-tiyptophan per ml 
directly to 10 ml of the bacterial suspension and assaymg this suspension for 
mfected bacteria (B T4) and total infectious centers (T4) The horizontal hne 
m the graph was obtamed by assaymg the stock T4 concentrate directly on F 
and N, makmg all dilutions m F medium This quantity represents the fraction 
of the virus that could form plaques without added cofactor 

It IS seen that the concentration of activated T4 m the diluted suspension of 
tryptophan-activated T4 drops rapidly and then levels off to approach the value 
for the unactivated suspension Subtractmg the value for the latter suspension 
from each of the pomts of curve I, one obtains the dotted curve II, which repre- 
sents the rate of loss of activity by those T4 particles that had been activated by 
tryptophan It is seen that only 2 minutes after dilution all but one 0 1 per cent 
of the activated virus had lost its activity The deactivation reaction appears 
to be first order, but it is so rapid that it is difficult to follow at room temperature 
with the pipette and test tube techmques employed here The results of more 
precise deactivation experiments will be reported shortly The pomt to be 
emphasized here is that the cofactor L-tryptophan activates the virus T4 m a 
reversible manner 

DISCUSSION 

A lower limit for the number of tryptophan molecules required for activation 
may be estimated from the slope of the plot of log (T4*) vs log (tryptophan) 
at equihbrium Here (T4*) represents the concentration of activated T4 
Writmg the reaction 

T4 n L-tryptophan = T4* 
the law of mass action predicts that at equihbrium 

(T4*) 

IoS (T 4) _ (T4*) = K + n log (L-tryptophan) 

Smce the slope of the activation curve (figure 3) is approximately equal to 
SIX we judge that at least six tryptophan molecules must have been mvolved 
m the activation of T4 The observed mhomogeneity m the requirements of 
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the individual particles in the population (Anderson, 19 iSa) would haie Iho 
effect of reducing the slope for the population 
The activation of T4 by 20 ag n-tryptophan per ml as a function of tcnipon 
ture IS mterestmg, hke many biological phenomena it displays a inaMmuin 

at about 35 C In enzyme systems it is usual to account for actmty uirv is of 

this sort on the assumption that the reaction rate of the “native” form mcrcucs 
with temperature but that this form is in equibbrium with a nonrcactno “tk- 
natured” high temperature form whose accumulation at the expense of tlie na(n c 
form results in an eventual reduction m rate as the temperature is mcrcitcd 
The explanation of the present results may mvolve a similar mechaniMii m 
which the "receptiveness” of the virus for cofactor is shifted with temper iture 
The mactmty of n-tryptophan as compared to L-tiy^ptoplian (Ynder-oii, 
1946a) suggests a specificity m cofactor phenomena comparable to th it ob'-enul 
in enzyme systems It would seem from the results repoitecl here thit, like 
substrate molecules reversibly bound to enzymes but not reacting until the tom 
bmation makes haison with coenzyme or a source of energy, so the cofactor niok- 
cules are reversibly bound m the virus structure and do not react chcinic ill> 
until contact with host constituents is made Rather than a simple, static fitting 
together of sterically complementary structures of the virus and host, it noa 
seems hkely that the adsorption of virus on its host is a dynamic, enz>inclikc 
process Adsorption may involve enzymatic syntheses (of peptides?) coupled 
with degradations of the hosts’ surface elements 
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SUAEVIAHY 

Experiments were peiformed m which samples of the bacterial virus T1 were 
exposed to a cofactor for adsorption, L-tryptophan, under various conditions 
The samples were then mixed with suspensions of the host, Escherichia coh B 
under identical conditions It was found that the fractions of virus adsorbed 
varied xvith the conditions under which the virus had been exposed to it-, to 
factor 

The percentage activation varied with the following factors (a) with tr>p- 
tophan concentration, it xvas negligible at 0 1 ag per ml and rose shiuply to 
high values at 2 pg per ml, (b) xvith temperature, it was maximum at Jo C md 
feU to low values at 0 C and 60 C, (c) xxath pH, it was maximum near pll S, 
and (d) with the length of exposure (equihbriura with 2 pg per ml was pncti 
cally complete m 2 mmutes at 26 C) 

When meubated with tryptophan and then diluted in synthetic medium, t ic 
VITUS rapidly lost its abihty to be adsorbed on its host Upon re exposure to an 
adequate concentration of a cofactor it regamed its ability to be ad.orLtd 



1948] 


ACTIVATION OF BACTERI^VL VIRUS T4 


649 


It IS concluded that the cofactor for adsorption, L-tryptophan, activated the 
bacterial virus T4 in a reversible manner 

Possible functions of virus cofactors m the adsorption mechamsm are discussed 
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Previous work has shown (Andeison, 1945, 1946, and 1948o) that many strains 
of the bacteriophage T4 are not adsorbed on their host, Escherichia colt stram B, 
unless the virus has been activated by a cofactor such as L-tryptophan How- 
ever, all preparations of T4 so far studied contam fractions that form plaques 
on bacterial smears growmg on synthetic medium agar to which no cofactor has 
been added The appearance of such plaques suggests that mhomogeneities 
with respect to cofactor requirements exist in the virus preparations 

The results reported here show that our stocks are, indeed, inhomogeneous with 
respect to cofactor requirements The virus particles which form plaques effi- 
ciently in the absence of added cofactor can be removed from the stoclrs by ad- 
sorption on the host Particles that are inefficient in producmg plaques with- 
out added cofactor are not removed by such treatment Analyses of mdividual 
virus clones arising from particles of different types show that cofactor characters 
(requirement and nonrequirement) are inherited by members of virus clones 

MATERIALS AND METHODS 

The host for T4, E coh stram B, has been described previously (Anderson, 
1945), as has the synthetic ammonium lactate medium (F) and the nutrient 
medium (N) on which the host was groivn m this work All plates used for assay 
were mcubated at 37 C 

Individual plaques were picked up with medicine droppers equipped with 
2-mm tips and rubber bulbs With the bulb slightly compressed, the tip was 
pushed through the agar containing the desired plaque and moved a bit to free 
the agar from the underlymg glass of the petri dish Then, when the bulb was 
released, atmospheric pressure forced the cyhnder of agar contaimng the plaque 
mto the dropper The agar cyhnder was then ejected mto 1 ml of F medium m 
a small sterile tube After 20 mmutes the fluid was found to contam between 
10^ and 10“ virus particles, belongmg to a smgle clone of T4 particles After 
mcubation at 52 C for 20 minutes, to kill the infected bacteria but not the free 
virus, the samples were assayed on F agar and N agar, all dilutions bemg made 
m liqmd F medium 

The origmal parent stram of T4 had been isolated by Demerec and Fano (1945) 
from a smgle plaque or clone appearmg on B grown on N agar These authors 

' This work was supported by a grant from the Medical Research Division of Sharp and 
Dohme, Inc , and by Contract N6 on 168 TO II between the Navy Department and the 
Trustees of the Umversity of Pennsylvania 
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very kindly gave a sample of their stock preparation to the author It contaiucii 
2 X 10’’ plaque-formmg particles per ml on B groi\ n on N agar, md onl} 1 x 
10^ plaque-formmg particles per ml on B grown on F agar One stock prep na- 
tion used, T4 (5/10/45), owed its origin to a smgle plaque isolated from F igir 
on which B infected with T4 (activated by the cofactors in N medium) had bwii 
plated In subsequent serial passages on F medium on estimated 10 ’ ph ige 
particles would have been formed if all the ongmal particles had multiplied 
equally Fifteen hundred ml of F medium containing 10*’ B in a sh ikcr ILa^k 
were then seeded with 7 X 10* of these phage particles .\itor aeration over 
mght, the culture had lysed The virus w as concentrated in the Sharpie^ super 
centrifuge at 45,030 rpm and filtered The 350 ml of filtered, concentrated % irus, 
T4 (5/10/45), contamed 3 9 X 10” plaque-formmg particles per ml on N agir 
and 2 6 X 10* plaque-formmg particles per ml on F agar at 37 C The characters 
of the virus particles m plaques formed by this stock under various conditions 
were determmed m the imtial experiments 

RESULTS 

Analysis of individual plaques of T4 Four plaques were isolated from each 
of two F and two N plates used m the above assay of T 1 (5/10/ 15) "Wlien ana- 
lyzed, sLx of the clones obtamed from F agar formed almost as many plaques on 
F agar as on N agar Two of them gave much lower assays on F agar than the) 
did on N agar All of the plaques isolated from N agar gave much lower issa) 3 
on F agar than on N agar (table lA) It thus appeared that the stock T 1 con- 
tained at least two types of phage One required no added cofactor for clficient 
production of plaques on B on synthetic agar at 37 C The other type, present 
at 1,000 times the concentration of the former, was quite inedicient m producing 
plaques in the absence of added cofactor Furthermore, it may be noted that 
plaques like nos 2 and 3 of table 1, requiring added cofactor for the efficient pro- 
duction of plaques, occasionally appear on synthetic medium at 37 C Similar 
plaques were obtained in the assays of cofactor-requiring clones like 5 to 8 and 
13 to 16 mclusive 

The question arose Do these plaques arising on F agar from cofactor-requinng 
stocks contain predominantly cofactor-requinng particles or not? Tiiia was 
tested by analyzmg 20 mdividual plaques isolated from F and N plates used in 
the analysis of plaque no 15 The results given in table IB show that whether 
they arise on F or on Is*" agar, clones origmatmg from cofactor-requinng stoe'j 
reqmre cofactor 

Do clones arismg on N agar from populations such as clone 10, which do not 
require cofactor, retam this characteristic? Analyses of 10 plaques from !• plates 
and 10 plaques from X plates used m the analysis of clone 10 are gi-en m table 
1C It 13 seen that the nonrequirement is retained by eloneo anting on X ag-r 
The cofactor requirements are inherited by T4 _ ^ _ ^ 

Is L-tr)'ptophan an adequate cofactor for strains anting from Tl 
Fift)-si\ plaques isolated from Tl (5/10/15) plated on X ag-r . ere ajed o i 
F agar, on F agar contaming 20 mg L-trytophan per liter, and on X -g-r li - 
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ratios of assays on F agar to assays on N agar were all less than 0 005 The ratios 
of assays on F agar plus trytophan to assays on N agar were all greater than 0 9 

TABLE 1 


Analyses of single plaques formed by particles tn T4 {Bf 10/45) stoch 


FtAQUES F FLATSS 

PLAQURS FBOU K FLATUS 


Ratio 


Ratio 

Gone no 

Assay on F agar 

Clone DO 

Assay on F agar 


Assay on N agar 


Assay on N agar 


A Single plaques from T4 (5/10/45) stock 


1 

0 62 

1 

5 

0 000019 

2 

' 0 0004 

6 

0 OOOOll 

3 

0 0002 

7 

0 00006 

4 

0 83 

8 

0 000002 

9 

0 6 

13 

0 000004 

10 

1 01 

14 

0 000002 

11 

0 9 

15 

0 0037 

12 

0 9 

16 

0 0037 


B Analyses of plaques from clone 15 



0 00006 

15-11 

0 0001 


0 00004 

15-12 

0 0004 


0 0002 

15-13 

0 004 

15 4 

0 000006 

15-14 

0 002 

15 5 

0 000017 

15-15 

0 001 

15 6 

0 00007 

15-16 

0 003 

15-7 

0 00008 

15-17 

0 0002 

15 8 

0 007 

15 18 

0 001. 

15-9 

0 0004 

15 19 

0 005 

15-10 

0 00012 

15-20 

0 0003 


C Analyses of plaques from clone 10 


10-1 

0 77 

10-11 

0 93 

10 2 

0 58 

10-12 

0 74 

10 3 

0 64 

10-13 

0 41 

10 4 

0 53 

10-14 

0 68 

10 5 

1 3 

10-15 

0 93 

10 6 

1 25 

10-16 

0 71 

10-7 

0 35 

10 17 

0 9 

10 8 

1 1 

10 18 

2 5 

10-9 

1 6 

10-19 

0 95 

1010 

0 9 

10 20 

1 14 


It IS concluded that the majority of the clones arising on N agar from T4 
(5/10/45) contain particles which can utilize L-tryptophan as a cofactor 
Previous work has shown that once a T4 particle requirmg activation by a 
cofactor is adsorbed on B, the resultmg virus-host complex is efficient m forming 
plaques on F agar at 37 C (Anderson, 1945) In order to determme whether 
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such plaques contain virus particles that require cofactor or not, a series of such 
plaques uere analyzed The virus particles in them vere found to h-uo lo., 
efficiencies of plaque formation on F agar 

The majority of the virus particles in the T4 (5/10/45) formed phquca of the 
fuzzy r+ type (Hershey, 1946) In order to obtam clear, more easilv counted 
plaques for other vork, a single clear plaque of the r tjqie uas ibol itcil from in 
N agar plate on u hich T4 (5/10/45) had been assayed It w as added to a shaker 
flask contaimng actively gromng B (--10^ per ml) in 1,500 ml of F medium The 
lysate assayed 3 6 X 10*“ particles per ml and ~10‘ particles per ml on N and 
F agar, respectively Concentrated by differential centrifugation at 1,000 rpm 
and 10,000 rpm, the partially purified virus was filtered Designated Tlr 
(3/10/47), the resultmg concentrate assayed 3 X 10“ particles per ml and 
4 X 10^ particles per ml on N and F agar, respectively 

Individual plaques from this more homogenous stock were also analyzed A 
senes of S F plates were poured wath various total numbers (between 2 5 X 10* 
and 5 X 10“) of virus particles together with a parallel series of 5 N plates, con- 
taming 40 to 400 particles from T4 (3/10/47) After incubation at 37 C for 18 
hours, contact prmts were made of each of the petn dishes to record the sizes 
of the plaques A senes of 40 plaques of varying sizes and morphologies were 
then picked from the F plates, and 10 plaques from the N plates The sus- 
pended plaques were assayed on F agar and on N agar .Is may be seen from 
figure 1, a fair correlation between the assays on N agar and the diameters of the 
plaques on F agar w'as obtamed On the other hand, no correlation between the 
numbers of virus particles m the plaques and the cofactor requirement of the 
predonunatmg varus w'as noted Nor did we detect consistent correlations be- 
tween other aspects of the morphologies of these plaques (such as fuzzme^ or 
halos) with the cofactor requirements of the virus contained in the respective 
clones 

Nme of the 40 plaques taken from F agar gave assays on F agar at 37 C that 
were comparable to their assays on N agar The remaining 31 plaques gav c v cry 
low counts on F as compared to N agar As may be seen from figure 1, no corre- 
lation between plaque size and the character of the virus was obtained 

Smee a total of 10“ virus particles had to be plated to produce about SO plaques 
on F agar, the efficiency with which the cofactor-rcqmnng fraction forms placiues 
on F agar may be estimated to be about 


^1 

40 


=G 

10 “ 


X 10-' 


As was to have been expected, none of the plaques isolated from agar p! 'tes 
gave comparable assays on F and X agar Further analj^es oi this rnatcri 1 ..re 
given m a follow mg paper (Anderson, 19186), m v.luch the effect of U mpcraturi. 
and nutnent on plaque formation bj these clones was studied 

Absorpiion of T4 docJ.s on B Clearly the placjucs isolated irom F agar of 
two tv-pes some contam predominantly cofactor-rcquirmg viru=, ot'icra * 

virus 'that appears not to require addt-d cofactor The question ..'o- Do -I 
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the plaques that arise on F medium originate from cofactor-requirmg t 3 q)es and 
owe their character to early mutations of the virus to nonreqmrement followed, 
perhaps, by selection of these types? Or do the nonrequirmg clones arise from 



Dl AMETER OF PLAQUE 

Fig 1 Correlation between the Numbers op Virus Particles in F Plaques 
(Ordinates) with the Measured Diameters of the Plaques (Abscissae) 

Two types of plaques are distmgiushed m the graph O , plaques containing a predomi- 
nance of particles that require cofactor, ®, plaques containing a predominance of particles 
that do not require added cofactor for the efficient production of plaques on F agar at 37 C 
No correlation between cofactor requirement and plaque size was noted 


particles m the mitial population that do not require added cofactor for efficient 
plaque production and inherit this character from them? If the latter situation 
exists it should be possible to remove the nonrequirmg t 3 ipe from a population 
by adsorbmg it on the host m the absence of added cofactor, and so reduce the 
assay of the stock virus on F agar This was done as follows 
To 10 ml of a 5-hour, aerated, 37 C B culture m F medium (5 X 10® bacteria 
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per r^) was added 0 03 ml of T4 (5/10/45) After 10 mmutes bad been aUovvcd 
for adsorption, the mixture was assayed on F and on N agar The B + adsorbed 
T4 M as then removed by centrifugation and filtration This treatment reduced 
the assay of the filtrate on F agar by 95 per cent, whereas that on N agar ivas 
unchanged An analogous experiment m which the T4 suspension was aLorbed 
on B three times m succession resulted m the removal of 9S 7 per cent of tJie Tl 
that formed plaques on unfortified F agar We conclude that virus of the non- 
requirmg type pre-existed m T4 (5/10/45) 

In three analogous experiments, T4 (5/10/45) was mixed with 24-hour B grow n 
to saturation m aerated F culture at 37 C Tlhth such B cultures adsorption is 
slow (Delbruck, 1940), and neghgible fractions of the particles forming plaques 
on F agar were removed However, the addition of 0 8 mS n-tryptophan per 
ml to these absorption mixtures enhanced the adsorption of these particles 
In the three experiments, centrifugation of adsorption mixtures containing tryp- 
tophan removed 98, 93, and 93 per cent, respectively, of the T4 that was able to 
form plaques on F agar The assays on N agar w ere again unchanged by ab- 
sorption m the presence of these minimal amounts of tryptophan 

The results of these experiments mdicate that the fraction of T4 that forms 
plaques on F agar at 37 C can be removed from a population of T4 virus par- 
ticles It has been further demonstrated that this fraction has an enhanced 
rate of adsorption on the host m the presence of L-tr3q5tophan 

niscussioN 

We have found that the virus in our stock cultures of T4 can be divided into 
at least two types — one producing plaques efficiently on minimal media at 37 C 
and the other domg so only m the presence of an added adsorption cofactor 
such as L-tryptophan The response of the stock cultures to trj'ptophan would 
at least m part be determmed by the proportions of the various types of virus 
which they contam 

Delbruck (1948) has added at least two types to the deficient forms of T4 
T4,ll IS like our tryptophan-deficient strains, but unhlce ours its adsorption is 
strongly mhibited by traces of mdole The adsorption of another, T4,12, is 
also strongly inhibited by mdole, and requires Ca++ m addition to a cofactor 
hke tryptophan for adsorption His T4,l requires no added cofactor at 37 C, 
but the effect of temperature on plaque formation has not been studied (Ander- 
son, 19485) 

The strains of T4 that are efficient in formmg plaques on F agar probably 
arose by mutation of the cofactor-requirmg type durmg its multiplication on B 
To prove this we should have to show that the proportion of this fraction is highly 
variable m a series of cultures imtiated by particles that are identical in their 
cofactor deficiency (Luria and Delbruck, 1943, Luria, 1945) The irregularities 
m the efficiencies of platmg isolated deficient clones on F agar, as observed in 
table 1, may well be a reflection of this mutation effect How ev er, it did not seem 
worth while m the absence of more detailed knowledge of the mechannm of 
varus proliferation, plaque formation, and the factors influencing sclecUon of 
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mutant strams to mvestigate the rate of mutation of T4 at this tune (Hershey, 
1946) 

It may seem odd that the cofactor-requirmg fractions should be able to form 
any plaques on B grown on unfortified F agar However, it should be pomted 
out that the bacterial synthesis of trjqptophan or other cofactors could well 
result in the presence of enough cofactor m the agar to activate small fractions 
of the deficient virus for adsorption and the imtiation of plaque formation 

The fractions that are efficient in the production of plaques on F agar at 37 C 
probably require cofactor for activation too, but can utihze more effectively the 
low concentrations provided by the bacterial metabolism The fact that L-tryp- 
tophan enhances their late of adsorption on old bacteria lends support to this 
idea and at the same tune provides a possible explanation for the sloiraess of 
virus adsorption on nonprohferatmg cells m exhausted media Further mdi- 
cations of the true requirements of these fractions came from studies of the de- 
creased efficiency with which they form plaques on F agar at low temperatures 
as described in the following paper (Anderson, 19486) A survey of the effects 
of nutrients and temperature on the rates of adsorption of other viruses on bac- 
teria that have passed the stationary stage of growth might well uncovei unsus- 
pected cofactor phenomena in their activities 

SUMMARY 

A stock preparation of the bacteriophage T4 contamed 3 9 X 10“ plaque- 
forming particles per ml on its host Escherichia call strain B, grown on Difco 
nutrient agar (N), but only 2 6 X 10® particles per ml formmg plaques on B 
grown on ammomum lactate agar (F) 

Individual plaques or clones from this stock appearmg on N agar were sus- 
pended in F medium and assayed They gave much lower counts on F agar tbn.n 
on N agar, and this characteristic persisted m subclones from these plaques, 
whether formed on F or on N agar 

The majority of mdividual clones appearmg m assays of the stock on F agar, 
as well as their subclones, whether they arose on B on F or on N agar, produced 
as many plaques on F agar as they did on N agar 

The particles m the stock that are efficient in formmg plaques on F agar can 
be removed by absorption on the host m F medium, but more effectively m the 
presence of the adsorption cofactor for T4, L-tryptophan 

We conclude that the degree of cofactor reqmrement is inherited m clones of 
T4 
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Counting plaques is the most precise of the known procedures for assaying 
bacteriophage preparations In this method, the preparation is diluted, and an 
aliquot contaming a few hundred active virus particles is spread over the surface 
of hardened agar with 10’ to 10^ host bacteria Normally, each active virus par- 
ticle infects one of the bacteria on the growing smear, and when the infected cell 
lyses, the many new particles released carry the infection to other cells in the 
neighborhood This process continues in an ever-widenmg chain reaction, until 
the stationary phase of bacterial growth is reached At this point, infected cells 
no longer liberate virus Whether or not the lytic reaction spreads to produce 
a visible hole or plaque in the bacterial smear thus depends on the outcome of a 
race between bacterial growth and the cham of lytic reactions involvmg the vurus 
Obviously, many factors can conceivably influence the outcome of the race the 
rate of virus diffusion and adsorption on host cells, the ratio of the time of lysis 
of infected cells to the time of division of umnfected cells, and the number of virus 
particles hberated per cell are a few of the factors that might be involved Pre- 
vious studies have shown that to these factors must be added the activation of 
certam viruses by adsorption cofactors 

Some bacteriophages form plaques on bacterial smears under conditions in 
which they might not be expected to do so For example, certam strains of the 
bacteriophages T4 and T6, active on strain B of Escherichia call, are not adsorbed 
on their host unless activated by a cofactor such as L-tryptophan Yet, once 
adsorbed, these viruses are able to produce plaques at 37 C on smears of B 
grown on agar containmg ammonium lactate as the sole source of nitrogen and 
carbon This seemed particularly odd smce over 99 per cent of the virus par- 
ticles isolated from such plaques still required added cofactor for the efficient for- 
mation of plaques on the minimal medium (Anderson, 19486) One might sup- 
pose that these particles acquired cofactor from the bacterium — either from the 
lysed host ceU or from the growmg bacteria m the smear on which the plaque 
IS formed 

After it was found that the activation of T4 by L-tryptophan was strongly de- 
pendent on temperature (Anderson, 1948a), we undertook a brief study of the 
temperature dependence of plaque formation by T4 and T6 on Tninimnl agar 
After strikmg dependences were found, we extended the mvestigation to other 

‘ This work was supported by Contract N6 on 168 TO II between the Navy Department 
and the trustees of the University of Pennsylvania 
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Viruses of the T set (Demerec and Fano, 1945) m a search for other cofactor phe- 
nomena The results of these studies are presented here 


MATERIALS 

Strain B oi E coh, the minim al ammomum lactate media (F), and the “com- 
plete” nutiient media (N) have been described previously (.Inderaon, 1915) 
The origmal stocics of Tl and T2 were kmdly supplied by Luna and Dclbruck 
The parent stocks of T3, T4, To, T6, and T7 were kmdly furnished by Denierec 
and Fano (1945) All dilutions and platmgs of viruses for assay Mere made in 


TABLE 1 

The number of plagues formed by Ihe bacteriophage T4 on its host (E coh strain B) gro£n on 
synthetic (F) agar and nutrient (N) agar at various temperatures 


DILtmOK OP STOCK VliDS 

TYPE OP ACAH 

TZilPZKATUEE OP ISCUBATIOV 

7 C 

16 C 

25 C 

1 31 C 

31 C 

37 C 

37 C 

1 10,000 

F 

No 

470* 

SOO 

1 c 

1 ) 
lonfluent lyar 

3 

1 200,000 

F 

bacterial 

33 

79 

163 

[ 142 

1 263 

273 

1 40,000,000 

N 

growth 

595 

625 

615 

650 

650 

623 


* Each number represents the average count for t^ o plates 


TABLE 2 


Effect of temperature on the formation of plaques by stock preparations of T4 and T6 


STOCK 

TEUPEKATtJEE 

ASSAY ONf 7 ACAB 

ASSAY OH H ACAB 

T4(10/20/45) 

14 C 

Lera than 10’ 

1 3 X 10“ 


37 C 

2 2 X lO'’ 

1 1 X 10“ 

T4(l/9/45) 

14 C 

1 4 X 10“ 

1 9 X 10" 


37 C 

1 2 6 X 10“ 

1 9 X 10" 

T6 (1/10/45) 

15 C 

4 X 10‘» 

1 6 X 10“ 


37 C 

1 1 X 10“ 

1 1 X 10“ 


hqmd F medium m an air-conditioned room at 15 C Pourmgs were made by 
the soft agar technique, origmally described by Gratia (1936, cf also Delbrurk, 
1946) The surface layers vere of 0 7 per cent agar for F plates and 0 7 per cent 
N agar for N plates Plates were poured in raultiplicatc, tivo or more paira of 
plates bemg mcubated at each of the temperatures studied 

EICPERIMEVTAL PROCEDURE 

T4 arid T6 A stock preparation, T4 (5/10/45), iihich contained over 10“ 
particles per ml able to form plaques on N agar iias diluted 1 10,000, 1 200,000, 
and 1 40,000,000 m F medium Fourteen F plates nere poured i ith 0 1 rnl 
from each of the first U o dilutions and 14 hT plates from the third The plates 
were mcubated at various temperatures m sets of sl\, tuo from each dilution of 
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T4 The numbers of plaques were counted each day for 5 days, although after 
3 days the counts did not increase appreciably It is well to note at this pomt 
that most of the plaques appearmg on F agar from this stock at 37 C are produced 
by strams of T4 m the population that are efficient in forming plaques on F- 
agar at 37 C without the addition of a cofactor (Anderson, 19486) Their effi- 
ciency m forming plaques on F agar decreases as the temperature is lowered, 
as IS seen m table 1 , but the efficiency with which the mam cofactor-reqmrmg frac- 
tion forms plaques on N agar is unchanged by temperature 

Two other stocks of T4 and one of To were assayed on F and on N agar at 
14 C and 37 C The results presented m table 2 show that one stock, T4 
(10/20/45), gave markedly lower assays on F at 14 C than at 37 C, whereas the 
assay on N agar remamed unchanged The other stock gave essentially similar 
assays on F and on N at both temperatures The stock of T6 virus that gave 
equivalent assays at 37 C dropped in apparent titer at 15 C on F agar, but not 
on N agar 


TABLE ? 

Effect of temperature on plaque formation by adsorption mixtures of E coli strain B and T4 


activated by l tryptophan 

ACnVATINC CONCENTRATIONS OP 

I. TRVPIOPHAN pC/ULP) 1 

NOUECK OP PLAQUES POSHED PEE UL OP ADSOSPTION UIXTUSE 

On F plates at 15 C 

On F plates at 37 C 

0 1 

— 

5 X 10" 

0 2 

5 X 10‘ 

3 3 X 10» 

0 5 

2 X 10* 

1 X 10' 

2 0 

2 8 X 10' 

1 4 X 10’ 


In addition, a series of 50 clones, nos 101 to 150, were isolated from plates on 
which T4r (3/10/47) had been assayed (Anderson, 19486) None of them gave 
significantly lower assays on N plates incubated at 14 C than on N plates incu- 
bated at 37 C Of the nme clones from F plates that gave comparable assays 
on F and N agar at 37 C only one (no 127) contmued to do so at 14 C and then 
with a markedly lower plaque count 

Smce we have been employing the assay on F agar as a measure of the concen- 
tration of infected B m adsorption mixtures of B and T4 activated by L-trypto- 
phan, it seemed desirable to deter min e the temperature coefficient of plaque 
formation by such infective centers Accordmgly, adsorption mixtures anal- 
ogous to those used previously were prepared (cf figure 4 of Anderson, 1948a) 
m which the virus was activated at 37 C by different tryptophan concentrations, 
but adsorbed on B under the same low tryptophan concentrations of 0 02 /ig per 
ml After 5 minutes had been allowed for adsorption, durmg which time all 
the unadsorbed virus had lost its activation, the mixtures were diluted m F 
medium and assayed on F and N plates After the agar had hardened, one set 
of plates was held at 15 C and another set mcubated at 37 C The assays on N 
plates (4 X 10^ per ml) were agam imaffected by the temperature of mcubation. 
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but the counts on F plates at 15 C were only about 20 per cent of those at 37 C 
(table 3) We see that the chain of reactions following the adsorption of the pri- 
mary virus particle on its host is blocked at low temperatures on the minimal 
medium 

The fact that the plating efficiency for the stocks, clones, and infected cells 
remamed constant on N agar but decreased markedly at lower temperatures on 
F agar suggested that a nutritional deficiency arises on the minimal medium as 
the temperature is lower To test the possibility that the clones required an 

TABLE 4 


Numbers of plaques produced by clones of TJ,r on (F) agar, on F agar, + SO ixg l tryptophan 
per ml (T), and on complete (jV) agar ai 37 C and at I'fC 


CLONE 

PHACnON OF CLONE 
PLATED* 

PL VIES INCDOATED AT 37 C 

PLATES ISCUDATED AT U C 

F 

T 

N 

F 

T 

N 

105 

1/800,000 

36 

138 

167 

0 

83 

115 

108 


0 

146 

245 

0 

237 

223 

109 

n 

208 

363 

199 

0 

99 

201 

111 

n 

580 

531 

497 

0 

373 

3S1 

116 

tt 

0 

200 

185 

0 

157 

151 

120 

t( 

426 

441 

486 

0 

295 

373 

122 

1/4,000 

213 

288 

290 

0 

157 

198 

125 

1/400 

308 

495 

339 

0 

335 

4SS 

127 

1/80,000 

106 

83 

62 

8 

35 

03 

128 


364 

139 

300 

0 

231 

272 

130 

1/40,000 

490 

600 

500 

(0) 

377 

110 


* In 0 05 ml 


TABLE 5 


Ratios of assays on F agar to assays on N agar at 16 C and 37 C for viruses acliie on E coli 


TElIPEEATUttE OF 1 

VIRUS 

INCUBATION 1 

1 

Tl 

T2 

T3 

Ti 

T7 

15 0 

0 05 

0 59 

0 82 

0 so 

0 00-1 

37 C 

0 2 

15 

1 3 

0 88 j 

0 54 


added adsorption cofactor at 14 C, a parallel set of assays of a group of clones 
was carried out on F agar, on N agar, and on T agar (F agar containing 20 pg 
li-tryptophan per ml) The results are presented in table 4 Again the assays 
on F agar dropped to low values at 14 C The assays on T agar cverc comparable 
to those on N agar, mdicatmg that n-tryptophan in the agar made up the nu- 
tritional deficiencies Tu o clones, 108 and 116, both cofactor-deficicnt at 37 C, 
were included m the set of nondeficient clones They too gave equivalent num 
bers of plaques on T agar and on N agar at 14 C 

Tl, T2, T3, T5, and T7 Our stock preparations of the remaming viruses in 
the set under study were assayed on F agar and on agar at 37 C and at J j C 
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The results are given in table 5 Again no variations in the assays on N agar 
were noted, whereas marked temperature dependences are displayed m the assays 
of T1 and T7 on F agar Again, nutritional deficiencies are suggested by these 
results Preliminary tests mdicate that isoleucme, methionme, and norleucme 
added separately to F agar promote plaque formation by T1 Isoleucme, leucme, 
methionme, and norleucme mcrease the efficiency of platmg T7 on F agar at 15 C 

DISCUSSION 

It would appear from the foUowmg results that the formation of plaques by 
T4 on minim al F agar at low temperatures is hmited by the lack of adsorption 
cofactors for these viruses (1) L-Tryptophan, which is an adsorption cofactor 
for T4, raises the assays to those obtamed on complete N agar (2) The rate 
of adsorption of those strains that are efficient m producmg plaques on F agar 
at 37 C IS enlianced by L-tr3q3tophan (Anderson, 19486) (3) In the range avail- 

able for study the temperature dependence of activation of T4 by L-tryptophan 
(Anderson, 1948a) parallels the temperature dependence of plaque formation 
observed here 

The strams of T4 that are efficient in forming plaques on F agar at 37 C but 
inefficient at 14 C are particularly interestmg, for their behavioi suggests that 
they derive sufficient cofactor from the medium contammg metabohzmg host 
cells at 37 C to be activated At 14 C, hovever, the strams studied are con- 
sidered to have httle chance to form plaques because at these temperatures the 
cofactor concentrations provided by the cells are insufficient for the mitial acti- 
vation of the virus 

Puttmg these views m other terms, we may state that on F agar at 14 C the 
bactena are resistant to these strams, at 37 C they are sensitive At 37 C 
they are sensitive because they make and liberate enough cofactor to activate 
the virus, at 14 C these quantities of cofactor are insufficient to activate an ap- 
preciable fraction The concentrations of cofactor involved may be estimated 
from the curves of activation of T4 as a function of the tryptophan concentration 
(Anderson, 1948a) to be equivalent to 0 1 ^tg L-tryptophan per ml or less 
Whether L-tryptophan or some other cofactor is responsible for T4 activation on 
F agar we do not yet know Hoi\ever, from the steepness of the activation 
curves it may be seen that the hberation of a httle more cofactor by the bactena 
would have made them sensitive to a much larger proportion of the virus m our 
stocks at 37 C Heie we have a single facet m a physiological basis for sensitiv- 
ity and (if the bacteria were to hberate less cofactor) resistance of the host cells 
to viruses 

Another basis for resistance that is somewhat complementary to that discussed 
above has been uncovered by Delbruck (1948) Certam strams of T4 that he 
isolated, like ours, require adsorption cofactors, but the adsorption or activation 
of these strams is blocked by mdole in mmute quantities (The activation and 
adsorption of our strams were only slightly inhibited by large concentrations of 
mdole ) Novr E coh, m metabohzmg tryptophan, liberates mdole, so that under 
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certain conditions Delbruck obsen-es the metabohc processes of the host creitiii'' 
resistance to the virus “ 

Some strains of T4 have an eflBciency of plaque formation at 37 C tint is onlj 
10 or so on F agar (Anderson, 19486) Yet a virus-host complex formed by 
one of these strains has an efficiency of plaque formation of nearlj umty at 37 C 
(Delbruck, 1948) How are the vnus particles liberated from these cells acti- 
vated to carry the infection to other cells m the neighborhood? Only 30 to 10 
vnus particles aie liberated from B on F medium One might estimate their 
chances of continuing the infection to one of the surroundmg cells to be onl^'' 30 
to 40 times 10“® The chances that a cham of such higlily improbable reactions 
would proceed to the destruction of enough bacteria to make a visible plaque 
would be in fin itesimal indeed We can only surmise that on Ij^sis the complex 
hberates cofactor sufficient m activity to permit an appreciable fraction of the 
hberated virus to infect neighbormg cells 
That this process is amazingly efficient may be appreciated fiom the following 
additional observations (1) The mfrequent plaques formed by such deficient 
clones on F medium aie indistinguishable from plaques formed by clones that 
are not deficient at 37 C, both m morphology and m the amount of virus con- 
tamed (Andeison, 19486) (2) The efficiency of plaque formation by the non- 

deficient pai tides at 37 C is reduced by a factor of 100 or more, whereas efli- 
ciency of plaque formation by cells infected n ith deficient strains is reduced by a 
factor of only 5 on lowermg the temperature from 37 C to 15 C 

The viruses discussed so far are rather “orgamsmal” m morphology T1 and 
T6, tadpole-shaped with membranes surrounding internal structures m the heads 
(Anderson, 1946), might be expected to display nutritional requirements like 
mdependently multiplymg orgamsms Plere ne have observed cofactorlike 
phenomena m other unrelated and structurally more primitive viruses like T7 
(a 400 A sphere — ^Delbruck, 1946) and T1 (a 500 A sphere with an attached thin 
tail — ^Luria and Anderson, 1942, Luria, Delbruck, and Anderson, 1943) One 
suspects that the phenomena might be prevalent among viruses, but screened 
from observation by the synthesis of specific cofactors by sensitive cells in ade- 
quate quantities for virus activation 
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SUMMilRY 

At 15 C Eschenchta coh stram B, groivn on synthetic medium, becomes rcse^t- 
ant to some of the viruses that are active on it at 37 C 

Stocks and clones of the bacteriophage T1 vere assayed on agar con taming 
ammomum lactate as the sole source of carbon and mtrogen (F) and on Difco 
nutrient agar (N) ParaUel sets of plates nere incubated at 15 C and at 17 O 
On N agar no effects of the temperature of mcubation i\ere noted, but on !• 
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agar all stocks but one showed efficiencies of plaque formation at 14 C that were 
only 1/lOOth of those at 37 C AH clones of the virus tested displayed this phe- 
nomenon, mcludmg those that were efficient m forming plaques on F agar at 
37 C 

In all cases tested, the efficiency of plaque formation by T4 on F agar at 15 C 
was brought to umty by the addition to F agar of 20 ng per ml of n-tryptophan, 
an adsorption cofactor for T4 

A comparison of these and previous results suggests that the metabolism of the 
bacteria m minimal medium furnishes sufficient cofactor for the activation and 
adsorption of those strains of T4 that are efficient m producmg plaques on F at 
37 C, but that these amounts of cofactor m many cases are not sufficient at 15 C 

A survey of the other viruses m the T set disclosed similar mefficiencies at 
15 C m the formation of plaques by our stocks of Tl and T7 These deficiencies 
were at least partially overcome by the addition of certam ammo acids to the 
F agar 

The possibihty that the resistance of host cells to viruses is at least m part 
determmed by them metabolism is discussed m the hght of these results 
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In a previous paper by Dunbam and Rake (1948) the successful propagation 
of Donovania granulomaUs on artificial media, after adaptation, was described 
Smce that pubhcation the stram has been mamtained for additional passages on 
the media containmg equal parts of 3 per cent agar m beef heart infusion broth 
and modified Levinthal’s stock broth The present communication will de- 
scribe the later behavior of this stram together with certam details of gross and 
microscopic morphology 


MATERIALS AND METHODS 

The foUowmg artificial media have been employed 

(1) Beef heart mfusion broth 

(a) Trim fat from fresh beef hearts and grmd the lean meat 

(b) Add 1,000 ml of distilled water per 1 pound of heart 

(c) Place m icebox overmght and the next mommg heat to 85 C for 30 
mmutes 

(d) Filter through Prat-Dumas filter paper 

(e) Add 1 per cent Pfanstiehl peptone, 0 5 per cent NaCl, and 0 03 per 
cent glucose 

(f) Boil for 30 mmutes 

(g) Adjust pH to 7 6 with NaOH 

(h) Filter through Whatman no 2 filter paper 

(i) Sterihze at 15 pounds for 20 mmutes 

(Used as broth, or as agar with 1 5 per cent Difco agar ) 

(2) Rabbit blood agar or broth 

Add 4 per cent fresh citrated rabbit blood to the foregomg beef heart m- 
fusion media In the case of the agar, it is cooled to 40 C before the blood 
IS added and the plates are poured immediately thereafter 

(3) Lemnthal beef heart medium 

(a) To 425 ml of medium (1) (broth) described above add 75 ml of de- 
fibrmated sheep or rabbit blood 

(b) Mix and brmg to boil for 5 mmutes imtil brown clot forms 

(c) Filter first through coarse filter paper and then through Seitz E K 
pads to sterihze 

To prepare agar from this broth mix equal papts of 

(a) Medium (1) (broth) described above containmg 3 per cent Difco 
agar, and 

(b) the Levmthal broth 
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M th& \7ork witk eggs has been done m embryonated chicken’s eggs, of GkLiv 
incubation, inoculated by the yolk sac route 

For the electron microscope studies an RCA microscope type EjVIU has been 
used For shadow castmg and rephca techmques the suggestions of Williams 
and Wyckoflf (1946) and Hilli er and Baker (1946) have been followed 


RESULTS 

The culture on Levmthal beef heart infusion agar has been mamtained for 43 
passages For transfer, 1 ml of beef heart infusion broth is added to the tube, 
the colomes are rubbed off mto the broth, and 0 1 ml is transferred to the new' 
slant Cultivation m the later passages occurred more readily than it did orig- 
maUy, but it has never been luxuriant Colomes appeared wnthm 4S hours scat- 
tered all over the slant Colomes were at first translucent and shmy They 
mcreased m size until the larger measured some 1 5 mm m diameter, gradually 
becommg gray and, later, brownish m color In the later passages the stringy 
mucoid character noted earher was, to a large degree, lost 

Throughout the whole senes of passages on this agar medium, on every occasion 
that a transfer was made to a new slant, i e , every 7 to 12 days, a tube of beef 
heart infusion broth was also moeulated with 0 05 ml of the culture suspension 
For the first 25 passages no growth occurred m these broth tubes m the 12-day 
penod over which they were held On the twenty-sLxth passage growth appeared 
m 1 tube of broth of the 3 used for the 3 separate subcultures The growth did 
not appear before the sixth day, it was scanty and appeared first m the surface 
layers of broth By the tenth day the organisms were lysmg and the turbidity in 
the tube was clearmg Smce the twenty-sLxth passage similar transfers to the 
beef heart broth tubes have usually, but not mvanably, produced evidence of 
growth simil ar to that just described With such a broth culture origmating 
from the material transferred from the twenty-seventh passage, serial transfers 
m beef heart broth were originated and have now been carried for 38 passages 
During these passages the growth characteristics have remamed unchanged 
Growth was scanty It appeared m about 48 hours and mcreased for 5 to 7 days 
with some precipitation of larger clumps to the bottom of the tube, after which 
the turbidity tended to clear Transfers have been made at from 4- to 13-day 
mtervals 

Subculture of this beef heart broth culture was made after 14 and 38 serial 
transfers m this medium to Levmthal’s agar, rabbit blood agar, and beef heart 
agar AH subcultures from the fourteenth transfer grew out more readily on the 
LevmthaTs agar (first groivth apparent in 6 days) than on the rabbit blood agar 
(first grow’th apparent mil days) or on the beef heart agar (first grow th apparent 
m 17 days) Subculture from the thirty-eighth transfer grew out on Levnnthal’s 
agar m 4 days, on rabbit’s blood agar m 7 days, and on beef heart agar m 9 dajs 
°The microscopic appearance of the orgamsm m beef heart broth, whether under 
the hght microscope or the electron microscope (see below), did not differ from 
D granulomalis passed m the yolk of the embryonated chicken’s egg or on U,in- 
thal’s agar Under the hght microscope the organisms of the beef heart brotli 
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culture showed themselves to be pleomoiphic giam-negative bacilli wuth char- 
acteiistically prominent polar gianules hlany very long chains, lookmg hhe 
coiled filamentous foims, were piesent, and smgle orgamsms tended to be comma- 
shaped In older oigamsms one could often see cleaily the letraction of the 
bacteiial substance from the cell w'all 

Both the cultuie on the Levmthal agar slants (after 25 passages) and the cul- 
ture in the beef heart (sterility) broth derived from the foitieth passage on Levm- 
thal agar slants have been reinoculated mto 6-day embryonated chicken’s eggs 
by the yolk sac route, and mamtamed there by passage at 3- or 4-day mtervals The 



Fig 1 Schema OF Passages WITH D granulomatis 


INIedia (1), (2), and (3) as given under Materials and Methods 
-1- = Slight growth delajed about 2J weeks 

-i— f = Slight growth appearing more promptly, in about It weeks 
= Moderate growdh appearing in about 2 to 3 days 


behavior of the first of these egg strams has diffeied in no waj’" from that of the 
oiigmal culture of D granulomatis, receded from Dr Anderson, when that was 
carried m eggs by us, w hereas the second has differed only m respect to the be- 
havioi of small mocula, of the yolk used for egg-to-egg passage, mto beef heart 
broth Scant growth, similar to that m the broth cultme imtiatmg this egg 
stiam, occurred with all passage material tested Such growth has nei'^er oc- 
curred from other egg passage material Samples of this passage 3 mlk also gave 
good growth on Levinthal’s agar slants m 2 days, and slight growth on rabbit 
blood agai slants or beef heart infusion slants m 6 or 7 daj^s 

After 30 egg passages the egg stram imtiated from the twent 3 ^-fifth Lennthal 
agai passage (see aboA^e) w as replanted on Leimthal agar slants, and these w ere 
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used foi picpaung an antigen foi complement fixation tests nith known gianu- 
loma-positive and known gianuloma-negative antiseia The antigen behaved 
in eveiy lespect like other antigens desciibed els w^heie (Dunham and Rake, 
1948, Rake, 1948) piepaied fiom the oiiginal egg (yolk sac) stiain that had never 
been on aitificial media oi fiom the Levin thal slant passage stiain 

The somewhat complicated histoiy of the vaiious mateiials discussed above 
is shown diagiammatically in figuie 1 

ELECTRON AUCROSCOPA 

D gmmdomahs oiganisms gi owing undei the diffeient conditions described 
above have been examined lepeatedly undei the election microscope, utilizing 
the techniques mentioned undei Materials and Methods In general, the same 
appeaiance has been found with oigamsms produced by the various cultuial 
methods, and illustiations are given of oigamsms fiom yoUc sac cultuies, fiom 
the colonies on yolk beef heait infusion agai (Dunham and Rake, 1948) and 
Levinthal’s agai, and fiom the scanty giowth in beef heait infusion bioth 
In figuie 2, nos 1 to 7 aie of orgamsms fiom yolk sac cultuies, in figuies 2-3, 
nos 8 to 12 ai e fi om cultui es on yolk beef heai t infusion agai (Dunham and Rake, 
1948) , in figuie 3, nos 13 to 16 are from cultuies on Levinthal beef heait infusion 
agai , and in figuies 3-4, nos 17 to 25 are fiom cultuies m beef heart infusion 
broth In figure 4, nos 26 to 29 are of Klebsiella 'pneumoniae growung in tiyp- 
tone broth All magnifications are the same (X 8,850) except foi figure 3, 
nos 13 (X 8 620), 14, and 15 (X 7,250), w'hich unfortunately were taken at pri- 
mary magmfications such that, for techmcal reasons, they could not be brought 
into exact agreement with the other miciographs 

In general, there is agieement in morphology between orgamsms from different 
media No defimte encapsulation is to be seen The capsulehke appearance in 
figuie 2, nos 1 and 5, for example, w’ould seem to be due to slight separation of 
the plasma membrane from the cell wall, which is a very characteristic and pro- 


Figure 2 

No 1 D granulomalis From yolk sac culture The plasma membrane has retracted 
from the cell wall One polar granule and other bodies X 8,850 

No 2 D granulomalis From yolk sac culture Comma shaped bacillus Retraction 
of plasma membrane X 8,850 

No 3 D granulomalis From yolk sac culture Comma shaped bacillus Gold 

shadowed 22 5 mg, 11°32' angle, 10 cm distance X 8,850 

No 4 D granulomalis From yolk sac culture Comma shaped bacillus Retraction 
of plasma membrane Polar granules Gold shadowed 22 5 mg, 11°32' angle, 10 cm 
distance X 8,850 

No 5 D granulomalis From jolk sac culture Wrinkled cell surface Gold 

shadowed 22 5 mg, 11°32' angle, 10 cm distance X 8,850 

No 6 D gi anulomalis From 3 oik sac culture Retraction of plasma membrane 
Polar granule Wrinkled cell surface Gold shadowed 22 5 mg, 11°32' angle, 10 cm dis 
tance X 8,850 

No 7 D granulomalis From 3 oik sac culture Autolysed cell showing cell wall and 
polar granules Gold shadowed 22 5 mg, 11°32' angle, 10 cm distance X 8,850 

No 8 D granulomalis From yolk beef heart agar Polar granules and other bodies 
X 8,850 

No 9 D granulomalis From 3 oik beef heart agar Polar granules Wrinkled cell 
surface Gold shadowed 23 9 mg, 10°59' angle, 10 5 cm distance X 8,850 
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iiounced featuie m oldei oiganisms (figures 2-3, nos 2, 4, 6, 10, 11, 13, 14, and 
19) As has been noted elsewhere (Dunham and Rake, 1948), the loss of capsu- 
lar mater ral occurred gradually durrng the orrgrnal egg yoll^ passages and first 
transfers on artrficial medra, and has been assocrated with a loss of mucoid char- 
acteristics in yollv and colony Theie is a definite indication of a “sticky” sur- 
face to the cell wall, howevei, and adherent partrcles or other materral can be seen 
rn figures 3-4, nos 15, 17, 18, 21, and 22 The cell wall, whether in the intact cell 
or in the autolysed specimens, often shows pronounced and characteristrc wrrn- 
Urng figures 2-4, nos 5, 9, 10, 16, 21, 23, and 24) 

Polar granules are promment rn the cytoplasm (figrrres 2-4, nos 1, 4, 6, 8, 9, 
19, and 24), and they appear to be more resistant to lysis than the remamder of 
the cytoplasm, so that the cell wall and polar gramrles are often all or almost all 
that remarn (figures 2-4, nos 7, 8, 12, 19, 24, and 25) Other bodies are seen not 
infrequently within the cytoplasm (figures 2-4, nos 1, 8, 17, and 22) 

The oigamsm is characteristically a short plump bacillus, but considerable 
pleomoiphism is found The length vanes from 1 5 yu to 4 5 and the breadth 
from 0 8 M to 1 4 M The significance of the stiU smaUei bodies, seen for example 
in figure 3, nos 15 and 18, is uncertain They measme 1 4 /r to 1 5 in length 
and 0 5 /! to 0 7 in breadth and show all the characteristics of the larger forms 
They are of such a size, of course, as would pass through a Beikefeld V or an even 
smaller filter Their relationship to filterable organisms of possible etiological 
importance in granuloma inguinale (DeMonbieun and Goodpasture, 1933) has 
been discussed elsewhere (Rake, 1948) 

Prior to division the elongated bacilli tend to become comma shaped (figure 
3, nos 2, 3, 10, 11, 12, 17, and 20) In many cases the division is not complete, 
and chams of 15 or more bacilli occur stretching across many fields of the election 


Figure 3 

No 10 B granulomahs From yolk beef heart agar Retraction of plasma mem- 
brane Wrinkled cell wall X 8,850 

No 11 D granulomahs From yolk beef heart agar Retraction of plasma membrane 
Wrinkled cell wall Gold shadoi\ed 23 9 mg, 9°36' angle, 12 cm distance X 8,850 

No 12 D granulomahs From yolk beef heart agar Autolysed cell showing cell wall 
and polar granules Gold shadowed replica 23 9 mg, 12°23' angle, 14 cm distance X 8,850 

No 13 D granulomahs From Levinthal beef heart agar Retraction of plasma 

membrane X 8,620 

No 14 D granulomahs From Levinthal beef heart agar Retration of plasma mem- 
brane Wnnlded cell surface Small forms Gold shadowed 21 2 mg, 11°32' angle, 10 cm 
distance X 7,250 

No 15 D granulomahs From Levinthal beef heart agar Small forms Accumula- 
tion of particles about cell surface Gold shadowed 21 2 mg, 11°32' angle, 10 cm distance 
X 8,850 

No 16 D granulomahs From Levinthal beef heart agar Long chain of bacilli 

Wnnlded surface Polar granules Gold shadowed 21 2 mg, 11°32' angle, 10 cm distance 
X 8,850 

No 17 D granulomahs From beef heart broth Comma shaped Small opaque 
bodies X 8,850 

No 18 D gianulomahs From beef heart broth Small form Accumulation of 

particles about cell surface X 8,850 

No 19 D granulomahs From beef heart broth Accumulation of particles about cell 
surface X 8,850 

No 20 D granulomahs From beef heart broth Wrinkled cell surface Gold- 

shadowed 22 9 mg, 10°!' angle, 11 5 cm distance X 8,850 






1948] 


CH VR VCTERISTICS OP DONOVAXI\ GR \NULOAIATIS 


675 


micioscope (figiue 3, no 16) These aie, of couise, the long coiled filamentous 
foims seen so fiequently with the light micioscope 

Foi pui poses of compaiison, 4 miciogiaphs of K -pneumoniae (Friedlander’s 
bacillus) aie included (figuie 4, nos 26 to 29) The geneial similaiity between 
the two miciooiganisms is appaient It must be emphasized, however, that 
theie IS little cultuial lesemblance between the luxuriant growth of K pneumo- 
niae and the, at piesent, scant giowth of D gi anulomatis m the media tested 

sinniARv 

Donovama gianidomahs, aftei adaptation, giows on manj’’ aitificial media 
Neither by antigenic composition (as tested with the complement fixation test) 
noi by moiphological appeal ance under light oi election microscopes can these 
oigamsms giowing on artificial media be distinguished fiom the origmal culture 
aftei lepeated piopagation m the yolk sac of the chicken embryo In our hands, 
howevei, luxuiiant giowth has nevei occurred on any artificial medium 

As has been shown elsewheie (Rake, 1948) D gianulomaiis has antigemc rela- 
tionships to Klebsiella pneumoniae Electron micrographs indicate a morpholog- 
ical similaiity between the two orgamsms 

REFERENCES 

DeMonbreux, W a , \ND Goodpasture, E W 1933 Further studies on the etiologj 
of granuloma inguinale Aju J Trop iMed , 13, 447-469 
Duxham, W , AND Rake, G 1948 Cultural and serologic studies on granuloma ingui- 
nale Am J Sjphilis, Gonorrhea Venereal Diseases, 32, 145-149 
Hillier, j , AND Baker, R F 1946 The mounting of bacteria for electron microscope 
examination J Bact , 62, 411-416 

Rake, G 1948 The antigenic relationships of Donovama granulomalts (Anderson) and 
the significance of this organism m granuloma ingmnale Am J Syphilis, Gonorrhea 
Veneral Diseases 32 150-158 

Williams, R C , and Wackoff, R W G 1946 Applications of metallic shadow -casting 
to microscop 3 J Applied Phjs , 17, 23-33 

Figure 4 

Ko 21 D granulomatis From beef heart broth Wrinkled surface Gold-shadowed 
22 9 mg, 10°1' angle, 11 5 cm distance X 8,850 

No 22 D granulomatis From beef heart broth Accumulation of particles about 
cell surface Internal bodies X 8,850 

No 23 D granulomatis From beef heart broth AVrinkled surface Gold shadowed 
22 9 mg, 10°1' angle, 11 5 cm distance X 8,850 

No 24 D granulomatis From beef heart broth Polar granules Gold-shadowed 

replica 23 9 mg, 12°23' angle, 14 0 cm distance X 8,850 

No 25 D granulomatis From beef heart broth Polar granules Gold-shadowed 

22 9 mg, 10°1' angle, 11 5 cm distance X 8,850 

No 26 K pneumoniae From trj ptone broth Polar granules X 8,850 

No 27 K pneumoniae From trj ptone broth Polar granules Cell wall X 8,850 

No 28 K pneumoniae From tr 3 ptone broth Gold shadowed 20 mg, 11°32' angle, 

10 cm distance X 8,850 

No 29 K pneumoniae From tr 3 ptone broth Polar granules in normal and autob sed 
cells Gold shadowed 20 9 mg, 11°32' angle, 10 cm distance X 8,850 
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Little IS known about the effect of fluorides on bacteria In large concentra- 
tions inorganic and organic fluoride compounds inhibit growth Fluorme is not 
known to be an essential trace element for bacteria, fungi, or algae Recently 
Davis and Dubos (1947) have shown that fluoride inhibits the action of a hpase 
on “tween 80” m concentrations that do not affect the growth of Mycohactenum 
tuberculosis H37RV The following is an account of the effects of the fluonde 
ion on the metabohsm of certain mycobacteria 

EXPERTMTiNTAIi RESULTS 

Most of the experiments were done with a rapidly growmg BCG stram of M 
tuberculosis (ATC 8240) Similar effects were, however, obtained with M 
tuberculosis (ATC 607) and the strain H37RV ‘ The BCG organisms were grown 
m Long's medium for 2 to 4 days The masses were broken up and washed m 
water by centrifugation m a Hopkins tube Even suspensions were made m 
m/20 Na-K-phosphate buffer at vanous hydrogen ion concentrations Three to 
four mg dry weight of bacteria were used m each Warburg vessel, which contained 
a total volume of 2 0 ml The oxygen uptake was measured m air at 37 C 
Vanous samples of analjdical grade sodium fluonde were used 

Figure 1 shows the effect of several concentrations of sodium fluoride on the 
oxygen uptake of washed suspensions of BCG at different hydrogen ion concen- 
trations A large mcrease m the rate of oxygen uptake occurs For low con- 
centrations of fluoride the mcrease is maximal at pH 6 0 At pH 6 7a higher 
concentration of fluoride is necessary to produce a correspondmg mcrease, and 
at pH 7 8 even high concentrations have only small effects At pH 6 0 and 6 7, 
if the concentration of fluoride is too large, acceleration gives way to inhibition, 
but at pH 7 8 no inhibition occurs with the concentrations used The fluonde 
ion IS, therefore, more effective on the acid side of neutrahty The absolute m- 
crease m oxygen uptake for any concentration of fluoride depends on the number 
of bacteria present Thus at pH 6 0a concentration of fluoride that causes an 
mcreased Oj uptake with 0 5 ml of a bacterial suspension may cause an inhibition 
when only 0 2 ml of suspension are used 

Equimolar solutions of sodium iodide, bromide, and chlonde are without effect 
on the oxygen uptake Under conditions that produce maximal acceleration 
with fluoride, equimolar concentrations of oxalate are without effect This m- 

1 Obtained originally from the culture collection of the National Tuberculoais Associa- 
tion, Trudeau, New York 
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Fig 1 The Effect of Different Amounts op NaF on the Owqen Uptikl oi 
SUSPENSIONS OF Mycobacterium BCG AT 3 Hydrogen Ion Concentrations 



The respective control uptakes, with and without fluoride, have been subtracted 

dicates that the fluoride effect is not due to the removal of Ca ions EtidctiLC 
that fluonde is accelerating an oxidative reaction m the cell is seen in the fact 
that the R Q , iihich vanes between 0 75 and 0 80 at pH G 0, h incrcOwCd to 0 85 
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to 0 90 m the preseat of fluoride It is possible that carbohydiate oxidation is 
accelerated, or that the oxidation of fat is inhibited 

These possibilities were investigated by adding various carbohydrates and fatty 
acids to the bacterial suspensions in the piesence and absence of fluoride The 



Fig 3 The Effect of 2 0 Mg NaF on the Oxipation op Pybuvatb and Acetate at 
pH 6 0 AND 7 8 BY Mycobacterium BCG 

The respective control uptakes, with and without fluoride, have been subtracted 



Fig 4 The Effect of 2 0 Mg NaP on the Oxidation by Micobactebidm BCG op 
Glucose and Fructose at 3 Hydrogen Ion Concentrations 

The respective control uptakes, with and without fluoride, have been subtracted 


results are shown in figures 2 to 5 At pH 6 0 in the presence of fluoride both the 
rate of oxidation of pyruvate and the absolute O 2 uptake are increased The 
maxiinum effect occurs with 1 0 to 2 0 mg of fluoride, whereas the maximum effect 
on the control uptake is obtamed with 1 0 mg or less This may mean that a 
system more sensitive than pyruvate to fluoride is present m the cell Under 
the same conditions, fluoride, dependmg on its concentration, has no effect or m- 
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hibits the o^datioD Of acetate Pyruvate, therefore, cannot be oxidized to ace- 
tate by these bacteria but probably condenses with a metabolite in the cell and 
then IS oxidized Such a condensation probably also occurs during the oxida- 
taon of pyruvate in the absence of fluoride, smce the oxygen uptake stops when 
1 to 2 atoms of oxygen are taken up If acetate were an mtermediate product 
the oxidation would proceed to completion because acetate is oxidized under the 
same conditions to CO 2 and HjO Decarboxylation, however, accompames the 
oxidation of pyruvate because the R Q rises to 1 1 to 1 2 m the absence of, and 
to 0 96 to 1 1 m the presence of, fluonde 



Fig 5 The Effect of NaF on the Oxidation bt Mtcobactebitjii BCG op Hepttiic 
AND Benzoic Acids at Different Hydrogen Ion Concentrations 

The respective control uptakes, with and without fluonde, have been subtracted 


At pH 6 0 the oxidation of n-heptyhc, oleic, and benzoic acids is inhibited by 
fluonde The oxidation of lactate is accelerated m the same way as that of pyru- 
vate, probably because it is readily oxidized to pyruvate At pH 6 0 the oxida- 
tion of glucose, fructose, and trehalose is inhibited by fluonde, but at pH G 7 or 
7 8a moderate acceleration occurs 

The effect of vanous concentrations of fluonde on the rate of grow th of Myco- 
hactenum BCG was mvestigated usmg tween medium (Dubos et al , 19 IG) buf- 
fered at pH 7 0 and pH 6 0 The effect of addmg 50 mg per cent lactate to thcsc 
media was also mvestigated The mocuJum for each tube containing 10 ml of 
medium consisted of 0 5 ml of a 1 to 2 dilution of a 48-hour culture grown m tween 
medium at pH 7 0 and washed and resuspended m medium of the approprute 
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pH Giowth was followed nephelometncally by means of the Evelyn photo- 
electric colorimenter usmg a 660 filter At pH 7 0 the growth rate is unaffected 
by fluoride, or lactate, or a combmation of both At pH 6 0a different picture 
appears The control rate of growth is considerably less than at pH 7 0 In 
addition, the growth rate is further dmumshed by 5 0 and 10 0 mg per cent NaF, 
and this inhibitory effect on growth is potentiated m the presence of 50 mg per 
cent lactate This concentration of lactate is not inhibitory m the absence of 



Fia 6 The Effect of NaF with and without Lactate on the Growth of 
Mtcobactebium BCG in Dubos Medium at pH 6 0 


fluoride These facts are shown m figure 6 The pH remamed constant through- 
out the experiments No inhibition of growth was observed with 1 0 mg per 
cent NaF either m the presence or absence of lactate 

SUMMARY 

The oxygen uptake of washed suspensions of Mycobacterium BCG is greatly 
mcreased by sodium fluonde The amount of the mcrease depends on the rela- 
tive concentrations of fluonde and bacteria and upon the hydrogen ion concen- 
tration 
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The effect is greatest at pH 6 0, intermediate at pH 6 7, and least at pH 7 8 
At pH 6 0 the mcreased uptake is accompanied by a rise in R Q 
At pH 6 0 the oxidation of pyruvic acid and lactic acid is increased by fluoride, 
both in rate and amount The effect dimmishes at lower hydrogen ion concoa- 
trations 

At pH 6 7 and 7 8 the oxidation of glucose, fructose, and trehalose is increased 
by fluonde At pH 6 0 fluonde inhibits the oxidation of these sugars 
At pH 6 0 the oxidation of acetic, heptylic, oleic, and benzoic acids is inhibited 
by fluonde At loxver hydrogen ion concentrations fluoride has no effect 
At pH 6 0, 5 to 10 mg per cent fluoride inhibits growth, and the presence of 
lactate mcreases the inhibition At pH 7 0 there ivas no inhibition by fluonde 
either m the presence or absence of lactate 
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THE NUTRITIONAL REQUIREMENTS OF LACTOBACILLUS 

PENTOSUS 124-2‘ 

KEATHA K lOlUEGER and W H PETERSON 

The Department of Biochemtstry, College of Agriculture, University of Wisconsin, 

Madison, Wisconsin 

Received for publication February 2, 1948 

Lactobacillus peniosus 124-2 is a homolactic bacterium which on hexoses pro- 
duces almost exclusively lactic acid It also ferments pentoses, and then neces- 
sarily produces other products than lactic acid — mainly acetic acid (Peterson 
et al , 1922, Fred et al , 1921) It is a very sturdy orgamsm, smce it readily fer- 
ments such unfavorable sugar-containing materials as acid hydrolyzates of wood, 
sawdust, and sulfite waste liquor (Marten et al , 1927, AUgeier et al , 1929, Leon- 
ard et al , 1948) Its versatihty and vigor make it an orgamsm of possible m- 
dustrial use, hence a study of its nutritional requirements seemed desirable It 
IS closely related to the orgamsm that is used for vitamm and amino acid assays, 
Lactobacillus arabinosus 17-5, but on the whole appears to be more vigorous than 
the latter 

There are but few reports m the literature concermng the nutritional require- 
ments of this orgamsm In two papers Snell, Strong, and Peterson (1938, 1939) 
demonstrated the requirement of L pentosus 124-2 for pantothemc acid SneU 
and Strong (1939) reported that the organism did not need nboflavm, m fact 
synthesized it Para-ammobenzoic acid was reported as an essential metabohte 
by Snell and Mitchell (1942-43) These same authors (1941) reported that the 
rate of growth was dependent on ademne, but m the presence of uracil part of 
this effect was nullified Recently, Dunn and coworkers (1947, Shankman et al , 
1947) mvestigated the vitamm and ammo acid requirements of 23 lactic acid 
or ganisms , mcludmg L pentosus 124-2 Pantothenic acid, mcotimc acid, and 
biotm were reported to be essential vitamms When one ammo acid at a time 
was omitted, they found vahne, leucme, isoleucme, cysteme, and glutamic acid 
to be mdispensable to growth as measured by acid production 

EXPERIMENTAL METHODS AND RESULTS 

Culture and inoculum The organism used m these studies was Lactobacillus 
pentosus 124-2 The stock culture was carried as a stab m a medium consistmg 
of 0 5 per cent Difco yeast extract, 0 5 per cent glucose, 0 5 per cent sodium 
acetate, 2 per cent agar, and 0 05 ml of mmeral salt solutions A and B per tube 
(table 1) 

The inoculum was prepared by transferrmg cells from a stab culture to 10 ml 
of medium A (table 1) After 24 hours the culture was centrifuged and the cells 

* Published with the approval of the Director of the Wisconsin Agricultural Experiment 
Station This work was supported in part by the Research Committee of the Graduate 
School from funds supplied by the Wisconsin Alumm Research Foundation 

683 



684 


KEATHA K KRtTBGER AND W H PETERSON* 


[\OL 00 


TABLE 1 

Media 

Medium A (Inoculum medium) 

Glucose 
Sodium acetate 
Difco yeast extract 
Salt solutions A and B* 

Medium B (Hydrolyzed casein medium) 

Glucose 
Sodium acetate 
Casein, acid-hydrolyzed 
L-Cystine 
Dii-Tryptophan 
Ademne sulfate 
Calcium pantothenate 
Nicotimc acid 
Para-aminobenzoic acid 
Biotin 

Salt solutions A and B* 

pH 6 0 


1 % 

1 % 

0 5% 

0 5 ml of each per tube 


1 0 % 

1 0 % 

0 5% 

10 0 mg % 

2 5 mg % 

2 0mg% 

0 05 mg % 

0 25 mg % 

0 025 mg % 

5 0 nullimicrograms per tube 
0 5 ml of each per tube 


Medium C (Ammo acid synthetic medium) 
Glucose 
Sodium acetate 
nii-Methiomne 
nii-Tryptophan 
L-Tyrosine 
DL- Aspartic acid 
L-Histidine HCI 
L-Argimne HCI 
Di>Senne 
L-Proline 
ii-Hydrox3T)roline 
DL-Lysine HCI 
L-Cystine 
DL-Threomne 
DL-Alamne 
DL-Valine 
DL-Leucine 
DL-Isoleucine 
DL'Phenylalamne 
ni/'Glutamic acid 
Glycine 

Ademne sulfate 
Calcium pantothenate 
Nicotimc acid 
Para armnobenzoic acid 
Biotin 

Salt solutions A and B* 

pH 6 0 


1 0 % 
1 0 % 


2 0 mg % of each per tube 


2 0 mg % 

0 05 mg % 

0 25 mg % 

0 025 mg % 

5 0 millimicrograms p<.r tub., 
0 5 ml of each per tube 


• Salt solution A 25 g E.HFO, and 25 g KH.PO. m 250 ml water Salt solution II 
10 g MgSOi 7H.O, 0 5 g NaCl, 0 5 g FeSO. 7H.O, and 0 5 g MnSOi 4UiO in 2a0ml ' 
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were resuspended m 10 ml of steiile water The Evelyn coloruneter reading (per- 
centage of light transmission) of this suspension with a 660 m/i filter, agamst a 
water blanlc at 100, was 38 Five-tenths ml of this suspension were transferred 
to another 10 ml of sterile water, and one drop of this second suspension was used 
to moculate each tube m the assay series 
Media The composition of the basal medium, B, is given m table 1 The 
hydrolyzed casern was prepared by autoclavmg 50 g of Labco vitamm-free casern 
with 500 ml of 12 N sulfuric acid for 18 hours at 15 pounds pressure The sul- 
fate was removed by precipitation with 640 g of Ba(OH)2 8H2O m 400 ml of boil- 
mg water The precipitate was washed with 500 ml of boilmg water, filtered 
agam, and the filtrates were combmed The combined filtrates were adjusted 


TABLE 2 

Ejjecl of tiioculum on rate of growth and vitamin requirements 


IKOCULUlf* 

GiOWTS BATE ON UEDIUM B PLUS AIL OTHER ZNOWN 
VITAMINS 

BIOTIN 

OMITTED 

PANTOTHE 

NATE 

OMITTED 

NICOTINIC ACID 
OMITTED 

12 hr 

24 hr 

43 hr 

72 hr 

72 hr 


mi 


m 


m 



Acid 

ER 

Acid 

El 



Acid 

A 

60 

6 2 

35 

8 9 

30 

10 1 

25 

10 1 

90 

1 4 

85 

3 2 

82 

5 0 

B 

88 

4 1 

39 

7 9 

33 

10 0 

30 

10 2 

93 

0 8 

90 

1 0 

92 

1 0 

C 

90 

2 3 

42 

6 5 

34 

10 1 

30 

10 0 

92 

0 8 

94 

0 8 

92 

1 0 

D 

92 

1 6 

81 

4 0 

56 

7 2 

35 

9 1 

96 

ED 

98 

0 5 

100 

0 6 

Umnoeulated 







100 

0 4 








* One drop of each of the following inocula was used 
Inoculum A no dilution of the suspension from 24-hr culture 
Inoculum B 0 5 ml added to 10 ml sterile water 
Inoculum C one drop added to 10 ml sterile water 

Inoculum D 1 ml added to 10 ml sterile water, and then 0 1 ml of this suspension added to 
another 10 ml sterile water 
t ER = Evelyn colorimeter reading 
Acid = ml n/ 10 NaOH reqmred to titrate 10 ml medium 

to pH 3 With NaOH, and the volume was reduced to 1 liter by vacuum distilla- 
tion Five g of norit A were then added, and the mixture was stirred for one- 
half hour and filtered through filter-cel The filtrate is designated as a 5 per cent 
solution of hydrolyzed casern The medium was adjusted to pH 6 0 with NaOH 
Procedure Five ml per tube of double stiength medium B were used The 
material to be tested was omitted from the basal medium, added separately to 
each tube (18 by 150 mm), and water was added to make 10 ml The tubes were 
plugged with cotton and autoclaved 15 mmutes at 15 pounds pressure When 
cool, the tubes were inoculated with one drop of the mocuium described above, 
and incubated at 37 C The titrations were made to the phenol red end pomt 
Effect of inoculum and initial pH Concurrently with the determmation of 
the nutritional requirements of L pentosus 124-2, the effects of mocuium and mi- 
tial pH were mvestigated Table 2 shows the effect of different mocula on the 





























686 


KEATHA K KRDEGEH \AD \V H PETERSON 


(vOL 55 


\ataimn requirements and rate of groi^ th on medium B plus all other kno^^n \ ita 
Inoculi^ B ^ as chosen for all further uork since, on a complete medium, 
It ^oived fairly rapid groridh and gave Ion blanks m the absence oi a .p.ciiie 
metabohte 


_ The imtial pH of the medium influenced the mitiation of grow th, but from pll 
o o to 7 0 did not markedly affect the final turbidity at 72 hour^ This eiTett 
was the same on both medium B and medium C Figure 1 show s the effect of 
mitial pH on the turbidity of the cultures on the two media at 30 hours 

Viiavmn requirements Biotm, mcotimc acid, and pantothenic acid were found 
to be essential This is m agreement with the findings of Snell, Strong, and 



Fig 1 Effect op Initial pH on Initiation of Giiowth of Lactobacillus pestosos 

124-2 (30 Houhs) 


Peterson (1938, 1939) and Shankman cl al (1947) Titrations and E\ elyn’eolor- 
imeter readmgs at the end of 72 hours, when graded amounts of each of_tlic;e 
vit amins were added, are given m table 3 

If specially prepared casern was used (Lampen and Peterson, 1941), a require- 
ment for p-ammobenzoic acid could be demonstrated MTien no p-aminobenzoic 
acid was present, the E\elyn colorimeter reading was SS and the titration ol 10 
ml of medium with n/ 10 XaOH was 2 3 hfaximura grov th occurred in the 
presence of 1 miUimicrograni of p-annnobenzoic acid This la in agreement ' ith 
the finchngs of Snell and ilitchell (19-12-43), but Shanlmian ct cl (19-17) did not 
find p-ammobenzoic acid to be an es^ent'a! metabohte 

Effect of purines and p’jnmidiPcs rairlj' good gro t'l can be ootainc'l in t t 
complete absence of punnes and pyrimidines, as ls =ho n in t ib'e 1 flo .e t", 
adenine w as stimulatory^ both on the grow th ra^e and on final gro . th Vc!l ly he 
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acid was no better than adenine Guanine seemed to be slightly inhibitory Cy- 
tosine and guanyhc acid may be somewhat stimulatory 

Effect of other materials on the growth rale Although the growth rate of L pen- 
tosus 124-2 on the hydrolyzed casern medium (medium B, table 1) was not so 
rapid as that on “natural” medium (medium A, table 1), after 72 hours cell 

TABLE 3 


Response of L penlosus 124-3 to hiolin, pantothenic acid, and nicotinic acid 


VITAiaN 

AlXOtmT 

EVXL\N REAJJIhGS 

ULN/IO NaOH/10 iiL 

-tEDlTJ-I 

Biotin 

milhmtcrograms 

0 

92 

1 0 


Q 05 

85 

1 7 


0 1 

79 

2 9 


0 2 

67 

5 0 


0 3 

58 

6 6 


0 4 

54 

7 8 


0 5 

49 

8 5 


0 6 

48 

9 6 


1 0 

44 

9 7 


2 0 

31 

9 6 


20 0 

28 

9 8 

Pantothenic acid 

mvcrogrctns 

0 

90 

1 0 


0 05 

65 

6 4 


0 1 

52 

7 3 


0 15 

47 

9 1 


0 2 

43 

9 0 


0 6 

28 

9 3 


1 0 

28 

9 6 

Nicotinic acid 

0 

93 

0 8 


0 2 

65 

2 9 


0 4 

39 

4 7 


0 6 

29 

6 4 


0 8 

30 

6 9 


1 0 

28 

7 8 


2 0 

28 

9 4 


growth (turbidity) and acid production on the two media were nearly equal, 
as can be seen in table 4 

Various known stimulatory substances and preparations were tned m an 
attempt to increase the growth rate on the hydrolyzed casern medium Gluta- 
thione (Seitz-filter-sterihzed), glutamme (Seitz-filter-sterihzed), and strepogemn 
(an enzjonatic digest of casein) and a concentrate^ prepared from casern by the 
method of Sprmce and Woolley( 1945) were without effect The whey prepara- 

* This concentrate was supphed by G M Shull 
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tion of Scott, Norns, and Heuser (1946), the peptone preparation of Tcpb anil 
Elvehjem (1945), and up to 0 1 mg per cent of Wilson’s liver B preparations 

TABLE 4 

Growth rate oj L pentosus lSi-2 on various media 



EVn-VS SEASIStl 


Medium B 
(less ade- 
mne) 


None 
Adenine 
Adenylic acid 
Guanine 

I Adenine 
Guanine 
Adenine 
Cytosine 
Guanyho acid 
Adenine ] 

Cytosine t + glutamine 
Guanylic acid 1 
Adenine | 

Cytosine | + glutai 
Guanylic acidj 
Adenine 

Tryptic digest of casein 
Adenine 

Strepogemn concentrate 
Ademne 
I Cytosine 
[ Guanylic acid 
I Malt sprouts prep * 

[ I Adenine 

Wilson’s liver B 


Medium C None 
(contains f Cytosine 


adenine) 


Medium A 


i Guanylic acid 
Cytosine 
Guanylic acid 
Malt sprouts prep * 

None 

Wilson's liver B 
Malt sprouts prep * 


+ glutathione 


2 mg 
2 0 ml 
0 2 mg 
0 1 ml 
0 2 mg 
0 2 mg 
0 2 rag 
0 05 ml 

0 2 mg 

1 0 mg 


0 2 rag 
0 2 mg 
0 2 mg 
0 2ni„ 
0 05 ml 


|l 0 mg 
;0 05 ml 


16 hr 



95 39 


S5 32 


S6 35 

72 

67 

71 

67 

71 

70 


8S 


87 

65 

59 

73 

70 


89 10 

75 

70 

67 

60 

51 

12 

50 

12 

IS 

13 


* 4 90 per cent suspension of malt sprouts in .vater incubated J;; 

pis'ed out through cheesecloth, and the extract stored under toluene One ml 
extract 13 equivalent to 0 2 g of malt sprouts 

calijed no stmulafon ot tho gronlh rale Or’ Iho " 

aqueons eriract of malt aprouta aas laost offecl.ve ^ 

and Johnson (1940) have reported marked stimulation of a - 










Fia 2 Growth Rate of Lactobacillus pentosus 124-2 on Vabious Media 

A, medium A, B, medium B plus cytosine, guanyhe acid, and malt sprouts preparation, 
C, medium B plus cytosine and guanyhe acid, D, medium B 

TABLE 6 


Ammo acid requirements of Lactobacillus pentosus 184 8 


AUIKO ACID OmnZD 

EVELYN READING 

ML N/lONaOH/lO ml 
medium 

72 hours 

Glycine 

30 

9 2 

DL-Methionme 

31 

9 3 

DL Tryptophan 

54 

10 1 

L-Tyrosine 

46 

10 0 

DL-Aspartic acid 

62 

9 8 

L Histidine HCl 

34 

10 2 

L-Arginine HCl 

38 

10 1 

DL Serine 

30 

10 2 

L-Hydroxyproline 

28 

10 3 

L-Proline 

29 

10 1 

DL Lysine HCl 

35 

10 3 

L-Cystine 

76 

5 1 

DL-Threomne 

60 

6 8 

DL- Alanine 

75 

4 5 

DL-Valine 

94 

1 2 

DL Leucine 

93 

1 7 

DL-Isoleucine 

90 

1 7 

DL-Pbenvlalanine 

94 

1 8 

DL-Glutamic acid 

99 

1 4 

None 

30 

10 0 
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of glucose or molasses by the addition of unheated malt sprouts Figure 2 show s 
the growth rate on a number of the media given m table 4 

The best combmations for maximum growth rate on the hydrolyzed casern 
medium were also tried on the ammo acid medium and, as is shown in table 4, 
gave nearly identical results 


TABLE 6 

Amino acid requiremenls of L pentosus 1S4-8 


Basal* 


Basal + 


tryptophan 
arginine 
aspartic acid 
lysine 
histidine 
tyrosine 


+ serine 
+ proline 
+ hydroxyprolme 
+ methionine 
+ serine 4- proline 
+ serine + hydroxyprolme 
+ serine + methionine 


+ 

+ 

+ 

+ 


serine 

proline 

^hydroxyproline 

serine 

proline 

^methionine 

proline 

hydroxyproline 

methionine 

serine 

proline 

hydro\yproline 

methiomne 


72 HOOKS 


Evelyn 

rendioss 


92 


78 


76 

80 

80 

71 

68 

76 

46 


76 


33 


81 


45 


ml N/lQ KiQII/ 
10 ml medium 


1 3 


3 8 


4 2 
3 3 

3 3 

4 7 
4 4 
4 1 
9 9 

4 0 


9 8 


3 3 


8 4 


• Basal contains 2 mg each per tube of alamne, valine, leucine, isolcucine, glutamic acid, 
phenylalamne, threomne, and cystine 

Aimno acid requirements The synthetic medium used for testmg ammo a^d 
requirements was medium C (table 1) When only one ammo acid at a t.inic 
was omitted from the mixture, the turbidities and 
were obtained From these results, alamne, vahne, leucine, ^ 
tamic acid, and phenylalanme were defimtely essential, 
cystme were probably also necessary The saroe ® condi- 

the presence of 10 micrograms per ml of pyridoxal Thereto , 
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tions used here, the ammo acid requirements of L penlosus 124-2 are not af- 
fected by the presence or absence of pyridoxal, as are the ammo acid require- 
ments of L arabinosns 17-5 (Lyman et al , 1947) For this reason, this organism 
may prove to be more satisfactory than L arabinosiis 17-5 for ammo acid assays 

These results are not entirely m agreement with Dunn et al (1947), who 
obtamed maximum titrations even when phenylalamne was omitted Hou ever, 
their moculum was much heavier, being diluted only 3 times from a 24-hour 
culture, whereas the moculum used here was (hinted 21 times If the concentra- 
tion of moculum used by Dunn et al (1947) was used and phenylalamne omitted, 
a titration of 6 2 ml was obtamed This is not maximal, but shows that the 
greater part of the difference for the discrepancy betw een the results of Dunn et 
al (1947) and the results obtamed here is due to the moculum 

However the mtrogen requirements of L 'pentosus 124-2 have not been solved 
unless the orgamsm is able to grow m the presence of only these ammo acids 
V/hen this was tried (table 6), little growth was obtamed m the presence of only 
those ammo acids previously found to be essential, even when the deficiency of 
mtrogen compared to the mechum with all the ammo acids was made up by the 
addition of dihydrogen ammomum phosphate In table 6 are given only the 
more conclusive results from the hundreds of combmations tried It can be 
seen that really good grow th and maximum acid production were obtamed only 
m the presence of aU the ammo acids tned except glycme and hydroxyprohne 
As can be seen m table 6, hydroxyprohne was never stimulatory, and m three of 
the five combmations shown m tne table w as defimtely inhi bitory 

SUMMARY 

The nutntional requirements of Lactobacillus pentosus 124r-2 were mvestigated 
Biotm, pantothemc acid, and mcotmic acid are needed to satisfy its vitamm 
reqmrements 

No chemically defined medium gave so rapid growth as chd a natural mechum 
One of the best mecha, hydrolyzed casern, required some addition, but gluta- 
thione, glutamme, strepogemn, Wilson’s hver B, a whey preparation, and a 
peptone preparation had no effect Am aqueous extract of malt sprouts caused 
the most marked stimulation The nature of the stimulatory factor is un- 
known 

The smgle omission of vahne, leucme, isoleucme, glut ami c acid, and phenyl- 
alanme from an adequate medium containmg twenty ammo acids resulted m the 
prevention of growth of L pentosus 124-2 Maximum growth did not occur on 
the smgle omission of cystme, threomne, or alanme However, it was necessary 
for tryptophan, argimne, aspartic acid, lysme, histidme, tyrosme, serme, prolme, 
and methionme also to be present m the mechum if growth near that possible on 
a “natural” mechum was to be obtamed 
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The demonstration of biotin activity for microorgamsms of such analogs of 
biotin as oxybiotin (Hofmann et al , 1945, Winnick ei al , 1945, Pilgrim et al , 
1945, Rubin et al , 1945&, Duschinsky et al , 1945), and desthiobiotm (Melville 
et al , 1943, Dittmer et al , 1944, Lilly and Leonian, 1944, Leonian and Lilly, 
1945, Tatum, 1945, Stokes and Gunness, 1945) has aroused an interest m the 
manner in which these compounds function in cell metabolism The role of 
desthiobiotm has been fairly well elucidated Desthiobiotm is as potent as biotm 
for a number of microorgamsms, mostly yeasts and fungi (Melville et al , 1943, 
Dittmer et al , 1944, Lilly and Leonian, 1944, Leonian and Lilly, 1945, Tatum, 
1945, Stokes and Gunness, 1945), and is converted mto biotm by these organisms 
(Dittmer et al , 1944, Tatum, 1945, Leonian and Lilly, 1945, Stokes and Gunness, 
1945) It IS probably an mtermediate m the biosynthesis of biotm, since an 
X-ray mutant of Pemalhum chrysogenum, stram 62078, could synthesize des- 
thiobiotin but could not convert it to biotin (Tatum, 1945), whereas the original 
stram could synthesize biotin and could also convert desthiobiotm to biotm 
Desthiobiotm acts as an inhibitor to both biotm (Dittmer and du Vigneaud, 1944, 
Lilly and Leoman, 1944, Tatum, 1945, Rubm ei al , 1945a) and oxybiotin (Rubm 
et al , 19456) for Lactobacillus casei, but has no effect on the growth of Lacto- 
baallus arahtnosus and Rhtcohtum trifoht (Lilly and Leoman, 1944) either alone 
or m the presence of biotm 

The role of oxybiotin in the metabolism of microorgamsms was unsettled 
until recently Rubm et al (19456) reported data obtamed by utilizing the 
differences m activity of oxybiotin and biotm for Saccharomyces cereinsiae, which 
mdicated that 0-heterobiotin (oxybiotin) was converted mto biotm or some other 
compound of compaiable activity for S ceremstae by the organism durmg growth 
Hofmann and coworkers (Hofmann, 1945, Axelrod et al , 1947), usmg the method 
of Rubm et al (19456) as well as three differential assay procedures developed by 
them (Hofmann and Wmmck, 1945, Axelrod et al , 1946, Hofmann et al , 1947), 
seem to have solved the problem by showmg conclusively that yeast assimilates 
oxybiotin as such, and does not convert it mto biotm The assimilation of an 
analog not found m nature, and the apparent use of it by the cell m place of the 
natural compound m its metabohsm, is a unique phenomenon 

Whether or not any part of a given vitamin is destroyed m metabolism has 
not been mvestigated extensively Leoman and Lilly (1945) were unable to 

1 Published uith the approval of the Director of the Wisconsin Agricultural Experiment 
Station This work was supported in part by the Research Committee of the Graduate 
School from funds supplied by the Wisconsin Alumm Research Foundation 
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recover all the added biotin and destbiobiotin from the cell-free medium or 
ceUs of several yeasts and molds that were given a great excess of these com- 
pounds In mvestigatmg the metabolism of oxybiotm by yeast, .bxelrod et al 
(9 7) recovered more than 70 per cent of the oxybiotm from the yeast cells 
Mcllwam and Hughes (1944) obtained a recovery of from only 2 to 5 per cent of 
the supphed pantothenic acid from cultures of hemol3d;ic streptococci that were 
given an excess of the vitarmn 

A more extreme example with a somewhat different aspect is the microbic 
utdization of vitamins as the sole source of carbon Metzger (1947) reported the 
decomposition of pantothenate, present as the only carbon source, by several 
Pseudomonas species Likeivise, Koser and Band (1944) reported the destruc- 
tion of mcotimc acid, when this was present as the sole source of carbon, by 


TABLE 1 

Media for Lactobacillus pentosus 124-2 


Glucose 
Sodium acetate 
Casein, acid-hydroIyzed 
L-Cystine 
DL-Tryptophan 
Ademne sulfate 
Calcium pantothenate 
Nicotinic acid 
p-Aminobenzoic acid 
Biotin 

Salt solutions A and B* 


1 0 % 

1 0 % 

0 5% 

10 mg % 

2 5 mg % 

2 0 mg % 

0 05 mg % 

0 25 mg % 

0 025 mg % 

5 0 millimicrograms per tube 
0 5 ml of each per tube 

pH 6 0 


* Salt solution A 25 g KjHPO< and 25 g KHiPOi in 250 ml iiater 
Salt solution B 10 g MgSO* 7HjO, 0 5 g NaCl, 0 5 g FeSO* 7H 0, and 0 5 g MnSOj 41IiO 
in 250 ml water 

Pseudomonas fluorescens and Serraha marcescens Foster (1944) described an 
orgamsm capable of oxidizmg riboflavin to lumichrome, and Mirick (1943) 
isolated a soil orgamsm capable of oxidizmg p-ammobenzoic acid Since vi- 
tamms have been shown to serve as sole carbon substrates, it would not be 
unreasonable to find that excess of an “essential” vitamin could also be me- 
tabohzed 


EXPERniEXTAL VIETHODS AND RESULTS 

Cultures and media The orgamsms used m this study were Lactobacillus 
-pentosus 124-2 and Lactobacillus arabinosus 17-5 (ATCC no 8014) The stock 
cultures were carried as stabs m a medium consisting of 0 5 per cent Difco >ea=t 
extract, 0 5 per cent glucose, 0 5 per cent sodium acetate, 2 per cent agar, and 
0 05 ml of mmeral salt solutions A and B per tube (table 1) The inoculum \ as 
prepared bj transferrmg cells from a stab culture to a medium consisting ol 
0 5 per cent Difco y east ex-tract, 1 0 per cent glucose, 1 0 per cent sodiurn acetate, 
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and 0 05 ml of mmeral salt solutions A and B per tube (table 1) After 24 
hours the culture was centrifuged, and the cells were resuspended in 10 ml of 
sterile water The Evelyn colorimeter reading (percentage of light transnussion) 
of this suspension with a 660-m/i filter, against a water blank at 100, was 38 
Five-tenths ml of this suspension were transferred to another 10 ml of sterile 
water, and one drop of this second suspension was used to moculate each tube 
m the assay senes 

The composition of the basal medium for L pentosus 124-2 is given in table 1 
The hydrolyzed casern was prepared by autoclaving 50 g of Labco vitamm-free 
casein with 500 ml of 12 n sulfuric acid for 18 hours at 15 pounds pressure The 
sulfate was removed by precipitation with 640 g of Ba(OH)2 8H2O m 400 ml of 
boiling water The precipitate was washed with 500 ml of boihng water, filtered 
agam, and the filtrates were combined The combined filtrates ^\e^e adjusted 
to pH 3 with NaOH, and the volume was reduced to 1 liter by vacuum distilla- 
tion Five g of norit A were then added, and the mixture was stirred for one- 
half hour and filtered through filter cel The filtrate is designated as a 5 per 
cent solution of hydrolyzed casern 

Five ml per tube of double-strength medium were used The biotm-con- 
tammg samples were added to the tubes, and distilled water was added to make 
10 ml The tubes were plugged with cotton and autoclaved for 15 mmutes at 
15 pounds pressure When cool, the tubes were inoculated with one drop of the 
moculum described above and mcubated at 37 C After 72 hours the tubes 
were read in an Evelyn photoelectric colorimetei agamst a 660-mji filter, and 
then titrated to the phenol red end point with n/10 NaOH 

Hydrolysis of cells for assay Cells were hydrolyzed m 2 N H2SO4 m the auto- 
clave at 15 pounds pressure for 2 hours ^ One ml of acid was used for each 50 
mg or less of cell weight The hydrolyzate was neutralized with barium hydrox- 
ide, and the sulfate removed by filtermg The sulfate was thoroughly washed, 
and the washmgs were added to the filtrate The filtrates were made up to an 
appropriate volume and used directly m the assay Recoveries of added biotm 
ranged from 90 to 103 per cent 

The medium, after removal of the cells by centrifugation, was autoclaved at 
15 pounds pressure for 15 mmutes It was then made up to an appropriate 
volume and assayed without further treatment Recovery of biotm from 
umnoculated medium subjected to the same treatment as the growmg cultures 
was 97 to 102 per cent 

Response of L pentosus to biotin, oxybiotin, and desthiobiotin Typical titri- 
metric and turbidimetric curves for the response of L pentosus to biotm are 
shown in figure 1 The relationship of oxybiotm and desthiobiotin m the nutri- 
tion of Lactobacillus pentosus 124-2 was investigated, and the results are sho\vn 
m figure 2 Oxybiotm (dl) was found to have 50 per cent of the activity of d- 
biotm, therefore, if only one of the optical isomers is active, as is the case with 
DL-biotm, then oxybiotm possesses the same activity as biotm for this orgamsm 

• This concentration of acid and procedure for hydrolysis gave good recovery of added 
biotin and highest values on cell hydrolyzates 
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effect has also been reported with L arabinosus (Hofmann et d 1945 
Wnmick et. al , 1945, Pilgrim ei al , 1945, Rubm ei al , 19456) ’ ’ 

L peniosus again resembles L arabinosus (Lilly and Leoman, 1944) m its 



Fig 1 Response of Lactobacillus pentosus 124-2 to Biotin 



Fig 2 Response of Lactobacillus pentosus 124 2 to Desthiobiotin OttbiotiN 
A, biotin or biotin plus 2 pg desthiobiotin per tube, B, n oxybiotm, C, dl oxybiotin 

response to desthiobiotin As can be seen from figure 2, up to 2 micrograms per 
tube of desthiobiotin elicit no measurable response from this organism 

Two differential assays for biotin and oxybiotin were used The method of 
Hofmann and Winnick (1945), using potassium permanganate to oxidize the 
biotm to biotm sulfone but having no effect on oxybiotin, was used to measure 
oxybiotin in the presence of biotm with L pentosus as the test organism Figure 
3 shows typical curves obtamed with known amounts of biotm and oxybiotm 
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m/Ag BIOTIN OR OXYBlOTIN/lO ML MEDIUM 


Fiq 3 Response of Lactobacilliis pentosus 124-2 to PERMANaANATB-TEBATED 

Biotin and Oxybiotin 

A, oxybiotin, B, oxybiotm in the presence of 1 m/ig biotin per tube, permanganate- 
treated, C, oxybiotin, permanganate-treated, D, biotin, permanganate-treated 


TABLE 2 

Growth rale of L pentosus 11S4 S on biotin and oxybiotin* 


inrr.T.nirraQ 

12 BS 
EKt 

IS BE 

24 QK 

30 BS 

42 BS 

46 BS 

60 BS 

72 BS 


ER 

Aad 

ER 

1 Aad 

ER ’ 

Aad 




Acid 

m 




BiolinX 

1 


















0 

















98 

1 2 

0 02 

95 

81 

2 

1 

81 

2 

4 

77 

2 

8 

75 

4 1 

72 


71 

4 9 

68 

4 9 

0 04 

91 

75 

2 

8 

73 

3 

5 

67 

4 

3 

64 

5 5 

55 


57 

7 1 

51 

7 5 

0 06 

96 

76 

2 

8 

67 

3 

9 


5 

3 

57 

7 4 

52 

8 2 

48 

9 1 

48 

9 4 

0 10 

89 

66 

3 

7 

60 

4 

6 

52 

6 

6 

47 

9 6 

42 

10 1 

41 

— 

40 

10 1 

0 20 

75 

51 

5 

5 

50 

5 

6 

38 

9 

2 

40 

10 2 

39 

— 

33 

— 

33 

10 2 

0 30 

83 

47 

5 

6 

42 

6 

9 

38 

3 

1 

37 

— 

36 

— 

34 

— 

32 

10 1 

0 50 

85 

48 

5 

4 

40 

7 

1 

36 

a 

2 

38 

— 

42 

— 

31 

— 

32 

10 0 

1 0 

83 

49 

5 

3 

38 

6 

6 

38 

10 

1 

37 

— 

33 

— 

30 

— 

30 

9 9 

5 0 

88 

48 

5 

4 

39 

7 

9 

37 

m 

2 

37 

— 

34 

— 

30 

— 

31 

10 1 

10 0 

85 

47 

5 

4 

38 

8 

3 

42 

10 

1 

36 

— 

35 

— 

30 

— 

30 

10 1 

50 0 

78 

44 

6 

1 

39 

8 

0 

38 

I 

2 

35 

1 

33 

— 

30 

— 

30 

10 2 

OxybiotinX 









1 


1 

1 





1 

1 



0 04 

93 

82 

2 

6 

73 

3 

5 

68 

1! 

5 

65 

5 6 

62 

6 4 

56 

7 2 

50 

7 2 

0 06 

91 

73 

2 

9 

69 

3 

6 

63 

5 

0 

57 

6 9 

52 

7 9 

48 

9 1 

47 

9 2 

0 10 

87 

66 

3 

6 

65 

4 

4 

54 

6 

4 

49 

1 ® ° 

43 

9 6 

43 

10 2 

41 

10 2 

1 0 

86 

45 

5 

2 

39 

7 

2 

41 

9 

8 

32 

10 5 

32 

— 

33 

B 

33 

10 1 

10 0 

76 

46 

6 

1 

42 

7 

2 

39 

m 

2 

36 


34 

— 

31 

B 

31 

10 2 

50 0 

84 

48 

5 

3 

40 

7 

0 

40 

1 

I 

1 

38 


35 

— 

30 

B 

30 

9 9 


* Figures are averages of 4 runs 

t ER = Evelyn colorimeter reading. Acid = ml n/10 NaOH used to titrate 10 ml of 
culture 

1 Figures are for the n isomer 
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Biotm in the presence of oxybiotm was measured by the method of Axelrod, 
DeWoody, and Hofmann (1946), m which T-(3,4-urelyenecyclohe\yl)but>nc 
acid was used m concentrations that inhibit oxybiotm but do not affect biotm 
for L arahinosus 17-5 1 

In another experiment biotm and oxybiotm u ere found to be completely addi- 
tive m the presence of each other m then activity for L peniosus 124-2 There- 
fore, assays for total activity could be vahdly expressed as either compound 

Growth late of L pentosus on biotm and oxybiotm The grow th rate as meas- 
ured by turbidity and acid production on graded and excess amounts of biotm 
and oxybiotm is showm m table 2 From the data on acid production it can be 
seen that the rate of production of acid mcreases w ith mcreasmg biotm concen- 
tration up to 0 3 miUimicrograms per ml for the first 24 hours This amount 
IS three times that necessaiy for maximum acid production m 72 hours \\ ith 
0 3 miUimicrograms per ml of biotm the acid production leached a maximum in 
30 hours There is an mdication fiom these data that high levels of biotm 
affect the rate ot acid production to a greater extent than the rate of cell produc- 
tion For example, at the 0 2-millmiicrograms-per-ml level of biotm, acid pro 
duction w'as finished at 42 hours, whereas turbidity increased until 60 hours, at 
the 1 O-nullmucrogram-per-ml level of biotm, acid production was finished at 30 
hours, but turbidity agam mcreased untd 60 hours, at the 10-millimicrogranis- 
per-ml level of biotm this was agam the case The final turbidity reading (i e , 
at 72 hours) is not at a maximum with 0 1 millimicrogram per ml as is the case 
with acid production, 0 2 miUimicrograms per ml appear to be sufficieut for 
maximum ceU production also 

Also m table 2 is shown the rate of cell growth and acid production for L 
pentosus on oxybiotm In no case is there any significant difference m the 
response, as measured by ceU growth or acid production, of this orgamsm to 
biotm and oxybiotm This is further proof that oxybiotm is able completely to 
replace biotm for L pentosus 

The metabolism of biotm and oxybiotm by L pentosus The metabolism of 
biotm and oxybiotm by means of recoveries from the medium and cells of cul- 
tures of L pentosus was mvestigated Table 3 shows the recovery of biotm 
where graded amounts of biotm were employed Only when the organism was 
grown on minimal amounts of biotm could anywhere near 100 per cent of the 
biotm be recovered It is also noteworthy that biotm was found entirely m the 
ceU portion As the amount of biotm employed wms mcreased beyond the point 
just necessary for maximum growth and acid production (i e , 01 millimicro- 
gram per ml), the total recovery of biotm from the ceUs and the medium e 
markedly, and eventuaUy reached only 10 to 15 per cent of that addc to t le 
medium However, at this pomt, where the recovery markedly decreased, very 
email amounts of biotm could be recovered from the medium, this amount in 
creasmg as the amount of biotm added origmaUy mcreased This amount, 
however, remamed a smaU percentage of the total biotm rccoxercd toi^cs 
and Gunness (1945) also reported the fact that only small amounts ol biotm were 
left m the medium 



TABLE 3 


Metabolism of biotin by Lactobacillus pentosus 124 2 


axj'T NO 

MUmnCROGRAUS 
BIOTIN PER ML 
ADDED TO MEDIDU 
BEFORE INOCD 
LATION 

EVELYN 

COLORIMETER 

READING 

72 HR 

MUXUaCROCRAMS BIOTIN PER ML OF ORICINAI. 
CULTURE* 

PEECEIiTAGE 
OF RECOVERY 
OF BIOTIN 

In mediuzn 

In cells 

Total 

1 

0 02 

66 

0 

0 02 

0 02 

100 

5 


67 

0 

0 02 

0 02 

100 

1 

0 04 

SO 

0 

0 044 

0 044 

110 

2 


48 

0 

0 042 

0 042 

105 

5 


62 

0 

0 039 

0 039 

98 

1 

0 06 

48 

0 

0 058 

0 058 

97 

2 


46 

0 

0 060 

0 060 

100 

3 


48 

0 

0 054 

0 054 

90 

5 


47 

0 

0 060 

0 060 

100 

1 

0 10 

39 

0 

0 096 

0 096 

96 

2 


40 

0 

0 100 

0 100 

100 

3 


36 

0 

0 090 

0 090 

90 

4 


42 

0 

0 093 

0 093 

93 

5 

1 

40 

0 

0 094 

0 094 

94 

2 

0 30 

30 

0 

0 175 

0 175 

58 

3 


32 

0 05 ' 

0 110 

0 160 

53 

4 


32 

1 

0 05 

0 121 

0 171 

57 

1 

0 50 

31 

0 

0 277 

0 277 

55 

2 


30 

0 06 

0 200 

0 260 

52 

3 


31 

0 

0 200 

0 200 

40 

4 


29 

0 05 

0 225 

0 275 

55 

5 


31 

0 

0 240 

0 240 

48 

1 

1 0 

30 

0 036 

0 300 

0 336 

35 

3 


29 

0 035 

0 330 

0 385 

39 

4 


29 

0 064 

0 300 

0 364 

36 

3 

2 0 

28 

0 03 

0 500 

0 530 

22 

4 


30 

0 03 

0 55 

0 58 

24 

1 

6 0 

30 

0 07 

1 20 

1 27 

25 

2 


31 

0 18 

0 SO 

0 98 

20 

4 


28 

0 06 

1 40 

1 46 

29 

1 

10 0 

32 

0 10 

1 35 

1 45 

15 

2 


29 

0 106 

1 50 

1 606 

16 

3 


30 

0 10 

0 90 

1 00 

10 

4 


30 

0 13 

1 50 

1 63 

16 


* The original culture was divided into two portions which were hydrolyzed separately, 
and each value given was an average of values obtained from assaying several dilutions 
of each of the portions All values fell within the range expected in microbiological assays, 
± 10 per cent All figures are given for the n isomer, assuming l biotin to be completely 
inactive 
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As might be expected, however, the amount of biotin in the cells did not be- 
come constant beyond the pomt where enough biotin for maxunum growth and 
acid production was present Indeed, it seemed to be mcreasing as the biotin 
ongmally m the culture mcreased, even to the pomt where 100 times the amount 
necessary for maxunum growth and acid production w'as furnished the organism 
Thus, biotm, like thiamme, appears to be absorbed by the bacterial cells m huge 
quantities, the same is true for yeast (Chang and Peterson) The capacity of 
these cells for biotm is astomshmgly high, more than 10 tunes what is needed for 
maxunum function, as measured by cell growth and acid production, is present 
m cells furnished large excesses of biotm This seems in contrast to cases of 
bacteria that synthesize their own biotm, in which it has been reported bj 
Thompson (1942) that the largest amount of biotm is found released into the 
medium 

The results mdicate that vmder the conditions of the present investigation L 
pentosus, when grown m the presence of excess biotm, either metabolized some 
of the excess, or mactivated it m such a way that it was not detectable by the 
procedure used Assays were also run usmg S cerevtstae as the test organiam, 
and the results were always found to be in close agreement with those using 
L pentosus This fact is some evidence that the biotm that could not be recov- 
ered was really metabohzed, and not just sbghtly altered, for example to dcs- 
thiobiotm, smce many reported biotm analogs are known to have activity for 
yeast 

Smce there has been some controversy over the fate of oxybiotin in yeast 
(Rubm et al , 19456, Hofmann, 1945, Hofmann and TVinnick, 1945, Axelrod cl al , 
1946, 1947, Hofmann el al , 1947), it was of interest to study its fate in L pentosus 
124-2 Axelrod et al (1947) have proved that oxybiotin is assimilated as such by 
yeast, and is not converted into biotm This also is the case w ith L pentosus 
Several levels of oxybiotm were used, and the results are given in table 4 

In no case was any biotm detected in the cells of L pentosus grown m the 
presence of oxybiotm A companson of the columns for the total activity ex- 
pressed as biotm, and the oxybiotm, mdicates that no biotm was present in the 
cells and that the total biotm activity was due to oxybiotm The differential 
assay for biotm showed no activity Yeast assays were also run on these sam- 
ples, and gave lower values than the L pentosus assays, which would be expected 
if oxybiotm were the compound bemg measured 

It wall be noted that the percentages of recovenes are somewhat lower for 
oxybiotm than for biotm (compare tables 3 and 4), but the differences arc prob- 
ably not sigmficant Axelrod et al (1947), m their studies on the metabolism of 
oxybiotm by yeast, obtamed recoveries of over 70 per cent in all cases, which is 
high compared wath those found here It seems probable then that, altliough 
oxybiotm has not yet been found m natural materials, it is, from evidence so far 
available, able to elicit the same physiological response from some microorganums 
as the naturally occurrmg biotm 
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DISCUSSION 

From the data present here, the activities of biotin and oxybiotin for L pen- 
tosus 124-2 appear to be identical Their potency is the same on a weight basis 
Within the experimental error of the method, they promote the same growth rate, 
and they are similarly metabohzed by L pentosns This organism is evidently 


TABLE 4 

Metabohsm of oxybiohn by Lactobacillus penlosus 1S4--8 


SUN 

NO 

UIIXINICSO GB Ales 
OXVBlOnN PEB UL 
added to UEDIUU 

before inocu 
LATION 

EVELYN 

COLOBQCETEB 

BEADING 

72 BB 

UnXIUICBOCBAlfS BIOTIN OB OXYBOHN PEB AOTOE 

original culture* 

PERCENT 
AGE OP 
BECOVEBV 
OP OXY 
BIOTIN 

Total activity expressed 
as biotin 

Biobn 

Oxybiotin 

la me 
dium 

In 

cells 

Total 

In 

cells 

In me 
dium 

In 

cells 

Total 

2 

0 04 

50 

0 

0 040 

HQ 

0 

0 

0 042 

0 042 

105 

3 


48 

0 

0 050 


0 

0 

0 044 

0 044 

110 

4 


48 


0 045 


0 

» 

0 042 

0 042 

105 

3 

0 06 

46 

0 

0 048 


0 

0 

0 046 

0 046 

77 

4 


45 

0 

0 046 

iE|| 

0 

0 

0 045 

0 045 

75 

3 

0 10 

41 

0 

0 068 

0 068 

0 

0 



60 

4 


41 

0 

0 070 


0 

0 

0 066 

0 066 

66 

2 

1 0 

30 

0 036 


0 256 

0 

0 035 

0 250 

0 285 

29 

3 


31 

0 040 

|B 


0 

0 035 

0 260 

0 286 

29 

1 

5 0 

30 

0 054 


1 254 

0 



1 144 

23 

2 


33 


0 87 

0 93 

0 

0 056 

0 82 

0 876 

18 

3 


32 

0 06 


0 86 

0 

■iMimi 

0 76 

0 83 

17 

4 


30 




0 

0 060 

0 83 

0 89 

18 

2 

10 0 

29 


0 80 

0 86 

0 


0 74 

0 81 

8 

3 


30 


1 25 

1 294 

0 

■ 

1 18 

1 216 

12 


* The original culture was divided into two portions which were hydrolyzed separately, 
and each value given was an average of values obtained from assaying several dilutions 
of each of the portions All values fell within the range expected in microbiological assays, 
± 10 per cent All figures are given for the d isomer, assuming h oxybiotin to be com- 
pletely inactive 

not able to distmguish between the two compounds, each bemg assimilated as 
such Smce desthiobiotm has no activity for this orgamsm, it is not able, under 
the circumstances of these experiments at least, to link the two carbons either 
with sulfur or with oxygen, a hnkage seemmgly necessary for activity How- 
ever, an orgamsm that can use desthiobiotm, insofar as is now known, mcor- 
porates sulfur, not oxygen, mto the molecule (Dittmer et al , 1944, Leoman and 
LiUy, 1945, Tatum, 1945) It is conceivable that, if the required conditions were 
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presented the organism, oxygen might be used as the Imkmg atom Up to noi\ 
however, oxybiotm has not been found occurrmg naturally (Hofmann and Wm- 
mck, 1945, Luckey et al , 1946), but differential assays for oxybiotm on natural 
materials have been few 

In L pentosus 124-2 the metabolism of oxybiotm is very similar to that of 
biotm When only m inim al amounts of biotin or oxybiotm are present, tlie 
orgamsm seems to exercise a rigid economy, since nearly all can be recovered 
from the cells WTien excess is present, it appears wasteful or even destructive 
of the biotm, as the lower recovenes mdicate Mcllwain and Hughes (1911) 
found this true of hemolytic streptococci given an excess of calcium pantothenate 
From the data of Axelrod et al (1947) yeast appears to be a more economical 
orgamsm, smce over 70 per cent of oxybiotm, even when excess was present 
origmally, was recovered from the cells 


SUMMARY 

DL-Oxybiotm had 50 per cent of the activity of biotm for Lactobacillus pentosus 
124-2 Desthiobiotm had no activity, neither was it an inhibitor to biotm or 
oxybiotm 

The growth rate of L pentosus 124-2 on graded amounts of biotm and ox}'biotiJi 
has been deterrmned There was no significant difference m activity betw een the 
two compounds 

"When mmimal amounts of biotm or oxybiotm were furmshed L pentosus 121-2, 
all the activity of the added compound could be accounted for in the cells Not 
until an excess of biotm or oxybiotm is present w as any found left m the medium 
As the amount of biotm or oxybiotm in the original culture increased, the per- 
centage recovered decreased, and eventually reached only 10 to 15 per cent of 
that origmally added to the medium 

Oxybiotm was assimilated as such by L pentosus 124-2, and was not converted 
mto biotm 
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The effect of radioactive emanations upon microorgamsms was apparently 
first studied by Pacinnoti and Porcelli (1899), who exposed several orgamsms 
to uramum powdei and stated that they were killed aftei 24 hours’ exposure 
Strebel (1900), Aschkmass and Caspari (1901), Crooks (1903), and Pfeiffei and 
Friedberger (1903) found the exposure of a variety of organisms to radium 
emanations to be toxic or to inhibit growth Van Beuran and Zinsser (1903) 
and Prescott (1904) found no toxic or mhibitmg effects of radium e m anation on 
various species under the test conditions used Chambeis and Russ (1912) 
exposed aqueous suspensions of various orgamsms to ladium emanation of 0 5 
miUicune pei ml and found sterility of the suspension to occur m 1 to 4 hours 
dependmg upon the species tested This appears to be the first pubhcation 
showmg a quantitative estimate of the mtensity of radioactivity used Spencer 
(1934, 1935) mtroduced metal-covered radium therapy needles into freshly 
moculated broth cultures of Eberthella typhosa, Proteus X19, and Streptococcus 
'pyogenes and incubated the tubes Growth was retarded for a short time but 
equaled the control tubes m 24 hours When the tubes were held at 0 C, at 
which multiphcation could not occur, the organisms appeared to die more rapidly 
m the irradiated tubes than m the control tubes Lea, Hames, and Coulson 
(1936, 1937) and Lea, Hames, and Bretscher (1941) studied the effects of alpha, 
beta, and gamma rays on several species of orgamsms and found the organisms 
to be killed m an exponential manner 

In general, the results of these experiments with radioactive emanations m- 
dicate that some lethal effect upon microorganisms may be expected The de- 
gree of the effect appears to depend upon the mtensity and tune of ladiation, 
the type of the exposed organism, the conditions of exposure, and the natme of 
the radiation employed It would be difficult, theiefore, to predict at the present 
time whether any given radiation would have sufificient lethal effect to produce 
sterility m a food product 

In order to preserve food products m a sterile condition over a long period of 
tune with safety to the consumer the application of a heating process is necessary 
This IS often accompanied by some degree of change m fiavoi, texture, and vita- 
min content of the product For this reason many efforts are bemg made m the 
mdustry today to develop short-time high-temperature processes to minimize 
these effects If such products could be sterihzed by the mcorporation of 
radioactive materials, the effects of heat could be elimmated The develop- 
ment m recent years of methods for producing artificially radioactive isotopes 
m quantity has made available radioactive materials that might be used for 
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such purposes The experiment to be reported was therefoie designed to test 
the sterihzmg properties of radioactive phosphorus upon vegetative ceUs in a 
buffer solution contammg no extraneous orgamc substances that could interfere 
with the maximum sterihzmg effect of the radiation The premise upon wluch 
this experiment was designed was that if complete sterility of a suspension could 


TABLE 1 

Arrangement of test to determine the survival of Escherichia colt suspended in phosphate huger 
in the presence of radioactive phosphorus (P’“) 





TUBE 




A 

B 

c 

D 

E 

Radioactivity in final cell suspension, 
microcune/ml 

0 

1,000 

500 

100 

SO 

ml radioactive phosphate 2,000 micro- 
curie/ml 

0 

10 

6 

1 

0 5 

ml phosphate buffer 0 075 M 

10 

0 

5 

0 

9 5 

ml bacterial suspension 110,000,000 cells/ 
ml in 0 075 M phosphate buffer 

10 

10 

10 

10 

10 


TABLE 2 

Survival of Escherichia colt suspended in phosphate huger in the presence of vartoui 
concentrations of radioactive phosphorus 


iNiTiAi HAPiOAcnmv MicHoctreiE pra ul 


TIME or EX 
POSUKE 

0 

1 000 

500 

JOO 

50 

‘surviving cells 
raillions pcrml (%) 

Surviving cells 
miJIioDS per mJ (%] 

Surviving cells 
millions per ml i%) 

Surviving cells 
millions per ml [%'. 

Survivini? cells 
millions per ml (%) 

hr 

nl 

% 


ml 

( % 


ml 

% 


ml 

% 


ml 

■ 


0 

55 

0 

100 

0 

55 

0 

■lilil 

0 

55 

0 

Bilil 

□ 

55 


100 

0 

55 

0 

IE 


8 

47 

0 

85 

5 

11 

5 

21 


22 

8 

41 

5 

37 


67 

2 


- 

— 

0 

24 

55 

0 

100 

0 

6 

6 

12 


16 

7 

■ai] 

a 

Km 

6 

54 

5 

39 

0 

71 

48 

50 

0 

91 

0 

3 

6 

m 

5 

7 

3 

13 

3 

23 


42 

0 

34 

0 

62 

0 

72 

55 

3 


0 

1 

6 

2 

9 

5 

2 

9 

5 

15 


27 

3 

24 

0 

43 

5 

96 

53 

0 

96 

5 

0 

43 

0 

78 

4 

2 

7 

7 

12 

2 

22 

2 

25 

0 

45 

6 

120 

63 

0 

114 

0 

0 

12 

0 

22 

— 


— 


IBi 

7 

19 

5 

21 

0 

43 

5 

168 

50 

0 

91 

0 

0 

25 

0 

45 

0 

96 

1 

75 

8 

6 

15 

6 

10 

0 

29 

0 


54 

0 

98 

0 

0 

51 

0 

94 

0 

50 

m 

m 

6 

0 

10 

9 

12 

4 


0 

288 

53 

7 

95 

0 

0 

30 

0 

54 

0 

68 

1 

23 

6 

2 

11 

2 

12 

6 

22 

9 


not be obtained under these most favorable conditions, the application of radio- 
active materials to the much more complicated conditions of a food product 
could not at present be considered practical 

experimental MBTBODS IND RESULTS 

A solution of radioactive phosphorus (P” emitting beta radiation) in the form 
of phosphoric acid was secured from the Radiation Laboratory of tbe as- 
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sachusetts Institute of Technology The solution was titrated electrometncaUy 
with NaOH to a pH of 6 95 and carefully evaporated It was transferred to a 
25-inl pyrex graduate cylinder and adjusted to a volume of 18 1 ml to give a 
solution 0 075 m m phosphate which would contam 2,000 microcuries of radio- 
activity per ml at the time the experiment was to be started The solution was 
then sterilized at 15 pounds steam pressure for 15 minutes, and the slight loss 
m volume was restored aspetically with sterile water 
A suspension of Eschenchia coli was prepared by washmg 18-hour agar slants 
with sterile m/15 phosphate buffer, shakmg with beads, and filtermg through 



Fig 1 The Survival op Escherichia coli Suspended in Phosphate Buffer in the 
Presence op Various Concentrations of Radioactive Phosphorus (P“) 

cotton The suspension was held at room temperature overmght while a plate 
count was made The final stock suspension was made the foUowmg day by 
dilutmg with an equal volume of sterile water to give a suspension containmg 
110,000,000 cells per ml m 0 075 m phosphate buffer 
The ex-periment was started by combmmg radioactive phosphate solution, 
phosphate buffer, and bacterial suspension m the quantities shown m table 1, 
usmg 8-by-l-mch test tubes After thorough agitation and mixin g, l-ml samples 
were removed from each tube for senal 'dilution and plate count At least toee 
dilutions were plated m triplicate for each sample Further samples were 
taken at 8, 24, 48, 96, 120, 168, 240, and 288 hours for dilution and platmg 
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to determine the number of survivmg ceUs All plate counts uere made after 
48 hours’ mcubation at 98 F on Difco nutrient agar The suspensions were 
held at 80 to 84 P durmg the experunent and were thoroughly shaken before 
each samphng 

The results of the experiment are shown m table 2 and illustrated in figure 1 
m which the logarithms of the percentage of survivors are plotted against time 
of exposure 


DISCUSSION 

It IS evident from the data m table 2 that a very defimte lethal effect is o\ertcd 
on this orgamsm by the presence of radioactive phosphorus in the solution 
From figure 1 it is apparent that a uniform logarithmic rate of death did not 
prevail throughout the experunent, but that m each case the rate of death is 
markedly greater durmg the first 8-hour peiiod than m the succeeding tune 
mtervals Although no attempt has been made to draw smooth curves through 

TABLE 3 


Calculated death rale for different time tntervals for Escherichia coli in the presence 
of radtoachye phosphorus (P”) 


TrUE IKTERVAl | 

INITIAL RADIOACnVlTy lUCROaTSIES PER UL 

1 000 

500 

100 

50 

Jtours 1 



K 

A 

0-8 



0 022 


8-24 





24r-240 

0 016* 





* From 24 to 96 hours 


the experimental pomts, it would appear that during the tune interval from 
8 hours to the end of the experunent an approxunately logarithmic rate was 
maintamed These conclusions would seem to be supported by the calculations 
of death rate from the usual formula, 

K = i(logA - logF) 

where t = tune interval m hours 

A = number of organisms present at begmnmg of the intenml 
B = number of organisms present at the end of the interval 

Table 3 shows the death rate calculated for different mtenmls and cmplia:=ucs 
the difference m death rate between the imtial penod and the subsequent period-, 
These results mdicate that the suspension was not uniform in resistance but 
contained eells of differing susceptibility to the radiation such that the more 
sensitive cells were kiUed more rapidly at the beginning of the experiment 
From the graph and from table 3, it will be noted that the death rate decreases 
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With decreasing intensity of radioactivity Attempts to relate the logarithm 
of the number of survivors to radioactive dosage calculated as a function of 
intensity and time were not particularly successful m producmg a curve um- 
formly expressmg the results of the four intensity levels Therefore these 
calculations are not presented It is evident also from table 2 that complete 
sterilization was not obtamed even with the highest concentration of radioactive 
phosphorus used In the case of concentrations eqmvalent to 1,000 microcuries 
and 500 miciocuries per ml it is very evident that a small fraction, approximately 
1 per cent or less, of the cells are able to survive the radiation 
It seems apparent that at present successful apphcation of radioactive ma- 
terials to the sterilization of canned foodstuffs, at least, at the concentration 
levels tested is not mdicated by this experiment It also may be mterestmg to 
note that had sterilization been achieved the following would be the cost per 
no 2 can for each of the concentrations tested 1,000 microcunes $3,660, 500 
microcuries $1,830, 100 microcuries $366, and 50 microcuries $183, based on the 
cost of radioactive phosphorus at the time the experunent was conducted 

SUMMARY 

Radioactive phosphorus (P^) added to a suspension of Escherichia coli m 
phosphate buffer has a defimtely lethal effect upon the cells that m a general 
way IS related to the mitial concentration Complete sterilization of the suspen- 
sion was not obtained m the highest concentration tested 
The survivor curve mdicated a more rapid rate of kilhng durmg the first tune 
mterval and the existence of a small percentage of the cells that were more re- 
sistant and survived to the end of the experiment 

The present experiment does not suggest m any way the possibility of the 
apphcation of radioactive materials to the sterilization of food products 
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In spite of continuous unprovements in methods for the isolation of recog- 
nized pathogemc groups of Enterohactenaceae, many outbreaks of gastromtestmal 
disease still occur m which only orgamsms of unknown significance are found 
Often cases of diarrhea that are obviously of common origm yield only paracolon 
bacteria with identical or closely related biochemical characters There is an 
mcreasmg tendency to attribute etiological significance to these forms The 
hterature deahng with the role of paracolons m diarrhea has been reviewed by 
Neter and Clark (1944), Stuart and Van Stratum (1945), and Barnes and Cherry 
(1946) 

One of the greatest difficulties m assessmg the importance of paracolon bac- 
teria m the causation of diarrheal disease is the lack of an exact method of iden- 
tifymg the cultures mvolved In only a few instances has it been demonstrated 
that cultures from the same outbreak were serologically identical or even 
closely related Rhodes (1942) found that several cultures isolated from one 
food-poisomng outbreak were identical Stuart and Van Stratum (1945) found 
a high percentage of serologically identical coliform and paracolon strams m 
each of two institutional outbreaks of diarrhea m children Barnes and Cherry 
(1946) noted that 28 strains isolated from an outbreak of gastroenteritis nere 
serologically related, but the antigenic properties of the cultures were not studied 
mtensively 

Although the Arizona group of paracolon bacteria has been classified and 
antigenic types have been established (Edwards, West, and Bruner, 1947), 
it composes only a very small fraction of the cultures usually classified as para- 
colon bacteria No systematic work has been done on the antigemc analysis 
of other groups of these bacteria, although the work of Stuart, Wheeler, Rusti- 
gian, and Zimmerman (1943) demonstrated that a high degree of serologic 
relationship exists between biochemically similar strams It therefoie seemed 
worth while to study mtensively the antigemc relations of a group of epidemi- 
ologically related strains m the hope of arrivmg at some conclusions regardmg 
then significance Also, such a study might serve as a basis for the classifica- 
tion of a further group of paracolons Cultures previously described by Barnes 
and Cherry and similar cultures isolated from other small outbreaks were gen- 
erously supplied by Comdr L A Barnes Of the 32 cultures studied, 22 were 

1 The investigation reported in this paper is connected with a project of the Kentucky 
Agricultural Experiment Station and is published by permission of the Director It was 
supported in part by a research grant from the U S Pubbe Health Service 
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isolated from 12 patients in one outbreak, 6 from 4 patients and 2 food handlers 
m a second oubreak, and 2 from patients m a third outbreak The remainin'' 
2 cultures were isolated from rmlk and from a person Bho developed diirrlici 
after drinkmg it The cultures all belonged to the group classified by Stu irt, 
Wheeler, Rustigian, and Zimmerman (1943) as paracolon intermediates and 
most closely resembled their type 14011 Accordmg to the scheme of Borm ui, 
Stuart, and Wheeler (1944), they would be classed as Paracolobaclrum inkr- 
medtum Smce the majonty of the cultures were isolated m Bethesda, Maryl ind, 
it IS proposed to refer to this group of serologically related paracolons as the 
“Bethesda group ” 


BIOCHEMICAL PROPERTIES OP CULTURES 

All the cultures were methyl-red-positive, Voges-Proskauer-negative types 
that failed to form mdole but produced abundant HjS Barnes and Cherry 
(1946) found that they faded to grow m Koser’s citrate medium, but ill grew 
slowly on S imm ons’ citrate agar so that the medium became alkalme witlun 18 
hours All produced acid and gas from glucose, xylose, arabinose, rhamnose, 
maltose, trehalose, sorbitol, manmtol, and dulcitol within 24 hours Lactose 
was acidified m 3 to 6 days, and shght gas production was eventually noted in 
aU but 2 cultures Eleven cultures fermented sucrose within 24 hours, but the 
remamder did not attack the sugar after 3 serial transfers at mtervals of 30 
days Sucrose fermentation was confined to one serologic type, although not 
all cultures of that type fermented sucrose Sucrose-positive and sucroac- 
negative cultures that were serologically identical were isolated from the same 
mdividual Sahcm was fermented by half of the cultures after 10 to 25 daya’ 
mcubation There was no correlation between sahcm fermentation and serologic 
type, and sahcm-positive and sahcm-negative strains were isolated from the 
same mdividual AU but 3 of the cultures fermented ceUobiosc after 3 to 10 
days Inositol was not fermented Gelatm Mas not liquefied after 90 diys’ 
mcubation Litmus milk was slowly acidified but was not coagulated during 
60 days’ mcubation 


SEROLOGIC STUDIES 

Any study of the antigens of paracolon bacteria must be approached luth 
some caution smce it has been shown by Kauffmann (1943, 1944) and by Knip- 
schildt (1945) that colifonn bactena contam heat-labile and heat-stable somatic 
antigens that inhibit 0 agglutination Therefore, it is neccasary to ascertain 
whether such antigens are present m cultures bemg studied 0 serums were 
prepared from broth cultures that had been heated at 121 C for 2 5 hours 
The serums were then used m agglutination tests m wbch living broth cultures 
and broth cultures heated to 100 C served as antigens Tests were incubated 
at 50 C for 1 hour and read after standmg overnight In the strains under 
consideration it was found that hvmg cultures and heated cultures were ag- 
glutinated equally well and m high dilution by the 0 serums, a fact which in- 
dicated that they did not contam L or A (K) antigens Though tube agg utiiu 
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tion was used thioughout the work, slide agglutination tests with properly 
diluted serums gave comparable results 
The H antiserums were prepared from formahmzed broth cultures of strams 
that had been passed repeatedly through semisohd medium to insure optimum 
development of H antigens Similar cultures weie used as antigens m the H 
agglutmation tests, which were read after mcubation for 1 hour at 50 C 
By agglutination and absorption the orgamsms were divisible mto four 0 
groups, the reactions of which are given m table 1 Fifteen cultures fell mto 
gioup 1, 7 mto group 2, 10 mto group 3, and 1 mto group 4 The 0 antigens of 
all group 1 cultures were identical, as were also those of group 2 In group 3 
min or differences were found among the cultures and their relationships vere 
comphcated Reciprocal absorptions revealed mmor differences that were not 
clear cut For the present it seems best to place these strams m one 0 group 
The 0 antigens of the cultures were tested with serums for Kauffmann’s coh 
0 groups 1 to 11 mclusive, 18, and 21 to 25 mclusive These ser ums were ob- 

TABLE 1 


Somatic agglulinalion and 0 factors 


ANTIGENS 

SESUUS 

Na lA (1) 

Na 4 (2) 

Na 11 (3) 

Na 19 (4) 

Unab* 

sorbed 

Absorbed 

byNa4(2) 

Unab- 

sorbed 

Absorbed 
byNa lA 
(1) 

Unab- 

sorbed 

Absorbed 
by Na lA 
(1) 

Unab- 

sorbed 

Na lA (1) 

12,800 

6,400 

3,200 

0 

6,400 

0 

0 

Na 4 (2) 

3,200 

0 

12,800 

12,800 

1,600 

0 

0 

Na 11 (3) 

0 

0 

0 

0 

12,800 

3,200 

0 

Na 19 (4) 

0 

0 

0 

0 

0 

0 

6,400 


0 indicates no agglutination 1 100 
Figures in parentheses indicate 0 factors 


tamed through the kmdness of Dr Kauffmann The paracolons of O groups 1 
and 3 were agglutinated to 5 to 10 per cent of the titer of coh 0 group 9 serum 
No other reactions were noted Coh 9 was not agglutinated by the paracolon 
serums The cultures mcluded m this study were not agglutinated by any 
Salmonella 0 serums Other strains of the Bethesda group that have been 
studied but that are not mcluded here have somatic relationships to Salmonella 
onderstepoort 

Five groups of H antigens were established by agglutination and absorption 
tests These are set forth m table 2 The 15 cultures mcluded m H group 1 
were identical, as were the 3 cultures of H group 2, and the 5 strains of H group 4 
The 6 strams mcluded m H group 3 were very closely related but mmor differ- 
ences were found m absorption tests The 2 cultures of H group 5 cross-ag- 
glutinated m high dilution, but even m the agglutmation tests it was apparent 
that differences existed between them These differences were clearly revealed 
by absorption tests, but until more is known about the antigens of the group it 
seems best not to separate them 
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men the 0 and H groupings of the 32 cultures were combined, 8 types i\ere 
established These types r ere designated simply by the numbers applied to the 
U and H groups to which they belonged Thus a member of 0 group 2 that had 
group 3 H antigens was represented by the formula Be 2 3 The letters preced- 

TABLE 2 

Flagellar aggluhnalton and H faclora 


SESUUS 


ANnCENS 

Na lA (1) 

Na 2C (2) 

Na 23 (3) 

Na4 (1) 

1 Ni 11 (S) 

Unab- 

sorbed 

Unab- 

soibed 

Absorbed 
by Na 23 
(3) 

Unab- 

sorbed 

Absorbed 
by Na 2C 
<2) 

Unab- 

sorbed 

Absorbed 
by Na It 
(5) 

Unab- 

sorbed 

Abjorbc\i 
b> Na U 

0) + N» 

1 0) 

Na lAf(l) 

12,800 

0 

0 

0 

0 

0 

0 

0 

0 

Na 2C_(2) 

0 

12,800 

12,800 

800 

0 

0 

0 

0 

0 

Na 23 (3) 

0 

400 

0 

12,800 

6,400 

0 

0 

200 

0 

Na 4 (4) 

0 

0 

0 

0 

0 

12,800 

6,400 


0 

Na 11 (5) 

0 1 

0 

0 

0 

0 

800 

0 

6,400 

1,CC0 


0 indicates no agglutination at 1 100 
Figures in parentheses indicate H factors 


TABLE 3 


Distribution of serologic types 


OUXBOEAS 

TVPE 

NO COtTTOES 

NO PERSONS 

DtARBaXA 

1 

1 1 

15 

9 

+ 


2 3 

1 

1* 

+ 


3 2-3 

4 

1 



3 3 

1 

1 

+ 

1 

3 5 

■ 

1 j 

+ 

2 

2 4 

1 

3 

3t 

•f 


3 3 

1 

1 

— 


4 3 

1 

1 


3 

3 3 

1 

1 

+ 


3 5 

1 

1 

+ 

4 

2 4 

o 

It 1 



* Type 1 1 also recovered from this patient 
t Nonmotile culture of O group 2 recovered from fourth patient 
f One culture from milk consumed bj patient 


mg the formula mdicate that the culture belonged to the Bethesda group The 
distribution of the types is given m table 3 Fifteen cultures of Be 1 1 vtre 
recovered from 9 of 12 patients m outbreak 1 One of these patients also yielded 
a Be 2 3 culture Four cultures of Be 3 2-3 were recovered from one patient 
These cultures are discussed later Types Be 3 3 and Be 3 5 ivere each re 
covered from one patient In the second outbreak 3 of 4 persons affected y lelde 
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type Be 2 4, but a nonmotile strain of 0 group 2 was recovered from the fourth 
Two food handlers who were not ill yielded types Be 3 3 and Be 4 3, respec- 
tively The third outbreak was composed of only 2 cases of diarrhea thought 
to be of co mm on origm One patient yielded type Be 3 3, the other type 
Be 3 5 The fourth outbreak was represented by only 2 cultures, one from 
milk that obviously was unfit for consumption and the second from a person 
who developed diarrhea after drmkmg the milk The cultures were identical 
and belonged to type Be 2 4 

VARIABILITY IN CULTURES 

The reactions of the 0 groups given m table 1 suggest that form variation 
similar to that described m the Salmonella group by Kauff m ann (1940) exists 
in these strams This possibility has not been mvestigated Certam observa- 
tions were made on variation m the H antigens, m which the 0 antigens were 
unaffected One patient m outbreak 1 yielded 4 cultures of Be 3 2-3 Ac- 
tually, three of the cultures were isolated as Be 3 2 and one as Be 3 3 Smce 
the 0 antigens of the cultures were identical, this strongly suggested that H 
antigens 2 and 3 had a common origm, although, as shown m table 2, there was 
very httle relationship between them By growing the three Be 3 2 cultures 
m semisohd agar that contamed appropriately absorbed H group 2 serum, it was 
possible to change them to Be 3 3 Likewise, it was possible to change the 
Be 3 3 culture recovered from this patient to Be 3 2 by cultivation of the culture 
m semisohd medium contauung absorbed serum of H group 3 That the H 
antigens of the cultures were actually reversed was shown by reciprocal ab- 
sorption tests Thus, these cultures must be considered as one type that has 
two H phases, and the formula must be written 3 2-3 This observation is very 
similar to that of Kristensen and Bojlen (1936), who isolated two cultures with 
the formula VI,VII 1,5 and one culture with formula VI,VII c from the stools 
of a patient infected with Salmonella cholerae-suis var kunzendorf 
Withm type Be 3 5 are two cultures, Na 11 and Na 22 Both the 0 and H 
antigens of these cultures are closely related, but neither the 0 nor H components 
of the two are identical It was found that Na 11 was related to Md 2, a culture 
received from Mr A A Hajna When a smgle colony culture of Na 11 was 
plated, two distmct forms were isolated, the reactions of which are given m 
table 4 These forms, which are called phase 1 and phase 2, were both aggluti- 
nated m high dilution by serum derived from the whole culture Phase 1 (H 
antigen 6) was agglutmated m high dilution by Md 2 serum but was unaffected 
by Na 22 serum With phase 2 these reactions were reversed Colomes of 
mixed phase were found that were agglutmated by both serums Upon platmg 
these mixed colomes, mixed colomes and colomes of phase 2 appeared When 
phase 2 colomes were placed m senusolid medium that contamed smtably ab- 
sorbed Na 22 serum, they spread through the medium and phase 1 was isolated 
from the spreading growth Phase 1 has not been similarly reversed, nor has 
either phase been found to revert naturally to the other 
As origmally received, Na 22 was agglutmated actively by Na 11 serum, and 
the two cultures were mcluded m the same H group When this culture was 
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placed m semisohd medium that contained suitably absorbed Xa 11 serum, it 
spread through the medium, and from the spreadmg growth a form was bo!\tc\l 
that was no longer agglutmated by Na 11 serum and reacted only slightlj with 
serum derived from the parent stram The changed culture was agglutiiuted 
to the titer of serum derived from Md 10, another stram receded from -Mr 
Hajna This component wms called phase 1 and designated as H antigen 7 

T-\BLE 4 


Vanalion tn H antigens 


1 

ANtIGENS 1 

1 

1 

n r«noES > 


Nall 

Nail 

Md2 

Md 10 

5 6 

5 

6 

7 

Na 11, whole culture 

5, 6 

12,800 

6,400 

3,200 

0 

Nall, phase 1 

6 

12,800 

0 

6,400 

0 

Nall,phase2 

5 

12,800 

12,800 

0 

0 

Na 22, original 

5 

; 3,200 

[ 12,800 

0 

200 

Na 22, induced 

7 

0 

200 

0 

6,400 

Md2 

6 

800 

0 

12,800 

0 

MdlO 

7 

0 

0 

0 

0,400 


0 indicates no agglutination at 1 100 


T\BLE 5 
Antigenic table 


AKTICENIC SVICBOLS 


0 antigens 

I H antigens 

TYPE ST8ALS3 

PhoiC 1 

Phase! 



1 

1 


Na la 

1 

2 

4 

1 

3 

Na23 

Na4 

3 

2 

3 

Na2C 



3 

Na 12, Na 20, Na 30 


6 

5 

Nall 


7 

5 

Na22 

4 


3 

Na 19 


The only variation noted m Na 22 was that which occurred under the influente 
of serum 


antigenic tapes 

The antigenic types established are giten in table 5 The i 0 ^ups "cre 
divided into S serologic types Type 3 3 lias not merged iiith W' ^ 
nor designated as a subtype of the latter smce the cultures 
w 1 th phase 2 of 3 2-3 nor with each other It w as stated abov e that 0 g P 
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and H group 3 each contained closely related but distinct antigens Thus cul- 
tures Na 12, Na 20, and Na 30 possess shghtly different 0 and H antigens At 
present these t 3 rpes aie placed under the same antigemc formula because the 
specific factors that distinguish them are lather weak Later it may be found 
advisable to distinguish between them As yet these strains have not been 
found diphasic It is possible that they later may be distmguished by the 
isolation of other phases 


DISCUSSION 

The question of the pathogemcity of the Bethesda group is not defimtely 
answered by this study, but certam suggestive results were obtamed Although 
the paracolons isolated from outbreak 1 were divisible mto 5 types, one type 
(Be 1 1) was predommant and was present m at least 9 of 12 patients from 
which cultures were available The presence of this type m 75 per cent of the 
mdividuals suggests that it was responsible for the epidenuc 
In the second outbreak 3 of the 4 persons affected 3 nelded identical cultures, 
but from the fourth patient was isolated a nonmotile culture of the same 0 group 
Asymptomatic food handlers connected with this outbreak 3 aelded distmctly 
different types It seems highly probable that type Be 2 4 was responsible for 
this infection 

The third outbreak consisted of only 2 cases of diarrhea thought to be of 
common ongm These yielded types of the same 0 group that had distmct H 
antigens One of these cultures was Na 11, mentioned above Smce so little 
IS known of variation m these organisms, it is impossible to say whether the 2 
cultures origmated from the same type The fourth outbreak was represented 
only by 2 identical cultures, one fiom obviously spoiled milk and the other from 
the stools of a patient who became ill after dr inkin g it 

Although the results suggest that these paracolon bacteria may mcite out- 
breaks of disease, it was found that many cultures of the Bethesda group occurred 
m mdividuals with no history of diarrhea This gioup is widely distnbuted, 
and the writers are m possession of a large number of cultures from both normal 
persons and mdividuals affected with diarrhea If the organisms are pathogemc, 
it must be recogmzed that the carrier-case ratio is rather high, apparently much 
higher than m the SalmonelUi and m the ShigeUa types of recognized patho- 
gemcity 

In the present state of knowledge it is difiBcult to establish the hmits of the 
Bethesda group As m other enteric bacteria it undoubtedly will be found to 
merge inth other groups Nevertheless, until more is known of the serology 
of the Enterobactenaceae it seems worth while to set it apart for the moment 
so that it may be studied and correlated with other groups Such a procedure 
has yielded excellent results with the true Escherichia coli types and with the 
Arizona paracolons Therefore, the Bethesda group is tentatively described 
as follows 

Slow lactose fermenting cultures that are methyl-red-positive, Voges-Proskauer- 
negative, indole-negative, HjS-positive, D-tartrate positive and Simmons’ citrate- 
positive Urea utilization is negative when tested by the method of Rustigian and 
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Stuart (1941), but most cultures give positive tests bj the method of Chnsteosju 
(1946) Duleitol usually is fermented promptly, although dulcitol negative strains 
occur Sucrose generally is not fermented, although occasional cultures may ferment 
sucrose 

Undoubtedly, cultures tvith. other biochemical characters will bo found to be 
serologically related to this group However, it is w ithin this biochemic il group 
that serologic relationships most frequently are found It is known tint the 
antigens characterized here are only a few of many that occur within the group 
and that the establishment of the few serologic types delmeated here constitutes 
only a very meager begmmng m its classification However, if these cultures 
that prove so troublesome to the worker m enteric bacteriology are to be under- 
stood a start tow'ard their classification must be made 
The few instances of serologic variation noted above mdicate that the classi 
fication of the group will not be easily accomplished For lack of landmarks 
the work proceeded slowly, and it was necessary to support each step by recipro- 
cal absorption tests As the group is better understood its classification should 
proceed much more rapidly 


SUMaURY 

Thirty-two paracolon cultures isolated from 4 distmct outbreaks of diarrhea 
were studied The organisms formed a rather uniform biochemical group 
They were divided mto 8 serologic types through the exammation of their 0 
and H antigens In general, the types established by serologic examination 
agreed fairly well with the epidemiologic data The H antigens of some culturea 
were variable The cultures studied belonged to a group of paracolon bacteria 
that were designated as the Bethesda group 
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In the search for new antibiotic substances, a general method that would 
permit the prompt recognition of new types of antibiotics (i e , antibiotics with 
different mechanisms of action) and at the same time reduce the risk of under- 
takmg costly mvestigation of an umdentified substance which may not be new 
would clearly be advantageous A means for achievmg this purpose was sug- 
gested some time ago (Stansly, 1946) It was proposed that strains of bacteria 
specifically resistant to the various known antibiotics should be prepared from 
one or more designated parent strains, and the resistant strains then filed with 
an agency, such as the American Type Culture Collection, m order that they 
might be readily accessible and available upon request Strains of bacteria 
specifically resistant to the known antibiotics would enable mvestigators to 
determine m a systematic fashion very early m an investigation whether an 
umdentified antibiotic was different from or similar to any one of the known 
substances This will be elaborated upon further and examples lUustratmg 
the method described 

For such a scheme to be of maximum effectiveness, none of the known anti- 
biotics should be neglected The preparation of resistant strams and, when 
necessary, of the antibiotic substances required to accomplish this then becomes 
a task of some magmtude It is apparent, therefore, that the success of the 
proposed plan is dependent upon the wiUmgness of mterested laboratories to 
collaborate actively m undertaking a project of this sort Future responsibility 
for preparmg resistant strams to new antibiotics would normally be expected 
to fall upon the mvestigators first describing such new antibiotics The m- 
vestigators, while unable, or perhaps unwillmg, to distnbute samples of the 
antibiotic or the antibiotic-producmg organism, should have no hesitancy in 
makmg available strains of bacteria specifically resistant to the new antibiotic 

Use of resistant strains of bacteria The foUoivmg model will illustrate the 
apphcation of the proposed plan Suppose P, Ri, Ra, R 3 , R 4 R„ to be the 
parent and strains derived therefrom that are resistant to the knoivn antibi- 
otics Ai, Aa, As, Ai, An Let the inhibition ratio, R/P, determmed under 
standard conditions for each of the antibiotics be 256, 64, 1024, 512, 128, 

respectively Under similar conditions, an umdentified antibiotic “X” is 
tested agamst the parent and each of the resistant strains (it is immaterial, of 
course, whether X is tested m terms of mg per cent, dilution umts, etc ) and the 
resultmg ratios Ri/P, R2/P, R3/P, R4/P, Rn/P found to be 1 , 1 , 1 , 512, 
1 
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A comparison of the ratio for X and of those for the knoivn antibiotics mdiiateo 
that it IS equivalent only to that of Ai, thus providmg prtsumplut, e\ ideiice tor 
the identity of X and A4 On the other hand, the divergence Irom equnahnce 
(which must, of course, be outside the experunental error) in the casca of Vj, \ , 
As, A„ may be considered fairly conclusive evidence that X la not \i, V , 

A3, A„ Thus, a difference m inhibition ratios is more significuit thin i 

similarity X, m other words, may be identical with Ai, but further iiucatigi 
tion would be reqmred if it is desned to establish this point bejond doubt 
This limitation of the application of resistant strains for the purpoao of “identi- 
fication” has been discussed by Eisman, Marsh, and IVIajer (lb lb) and Kehier 
and iMorton (1947) The former authors note, however, that ‘ it is hkch th it 
antibiotics of diverse [italics mine] chemical structure can be diflerentiited 
by this method ” This is precisely the purpose of the proposal presented here, 
that IS, to provide a means for promptly detecting antibiotics with dilTcrcnt 
mechanisms of action and presumably, therefore, of significantly different chemi 
cal structures 

Conceivably, nuxtures of antibiotics, such as might occur in crude culture 
filtrates or m crude concentrates, may give less than the clear-cut rcaults sliowii 
above To illustrate, suppose a crude culture filtrate “X” to consist of 1 part 
of streptothricm and 31 parts of streptomycm xVn analyois with strcptom>cm- 
and streptothricm-resistant strams having standard inhibition ratios of 1,021 
and 12s, respectively, might give the theoretical results shown m table 1 
It might be concluded on the basis of the hypothetical results shown in tabic 
1 that X is not streptothricm and probably not streptomycin (though possible 
related to it m mechanism of action) In a sense, this is true X is ncitlier 
streptothricm nor streptomycm but a mevture of the two m the proportion of 1 
to 31 It would appear, therefore, that unidentified substances giving inhibi- 
tion ratios with certain resistant strams significantly different from unity >et 
not equivalent to any of the “standard” ratios might be suspected of consisting 
of a mixture of antibiotics, one or more of which is known Furthermore, the 
magnitude of the ratios observed with the unidentified substance bears a rough 
relationship to the proportions of the active substances m the mixture 

Umdentified substances which satisfy the criteria given aboio would peril ip^ 
be considered worthy of further mvestigation on the premise cither that one or 
more components of the supposed mixture may be unknown or tliat the uni- 
dentified agent may be a smgle substance winch has a similar though not idciiti 
cal meclianism of action to one of the known antibiotics ^\hcthcr or not 
further imestigation is mdicated depends upon the aims of the invcstig ition 
In our limited experience, the me of specifically resistant bactcri i for thi. 
purpose of identification has given results not far different from the ii>potI etna 
model discussed earliei A few examples from our 1 iboratorj will serve 
illustrations Others maj be lourd m the literature (Eisin in d al , Ihlh, 
Kclner ind Morton, 1917, btanlcv -nd ftlilL. 1910, Tru„cll, Fulton, u'd t.rt’it, 
1947, "Waksmin, Rcillv, and ^cluiU, 1913) 

The e vamp'cs to be described „rc not model c' porimcnts de^ giicd lor ja rinv ■ s 
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of illustration but were planned to meet problems m the laboratory as they arose 
Whenever possible, specifically resistant stiains were tested with the Imown and 
unknoivn antibiotics simultaneously It should be stressed, however, that the 
plan proposed does not require the various known antibiotics (which are generally 
unavailable) for the performance of the identification tests All that is required 
are the parent and resistant strains, together with their inhi bition ratios de- 
termined under standard conditions 

Examples zlluslratmg the practical application of resistant strains of bacteria ^ 
(1) An antibiotic-producmg actmomycete (A9) was isolated from soil The 

TABLE 1 


Hypothelical effect of a mixture (X) of streptomycin and streplothricin (31 1) on resistant 

strains of bacteria 


ANTIBIOTIC 

nraiBmoN end point with strain* 

^ 1 

Rsm 

RSTH 

X 

1 

32 

1 

Streptomycin 

1 

1,024 


Streptothricm 

1 


128 


• P = parent, Rsu == streptomyom-resistant strain derived from P, and Rsth = strep- 
tothricin-resistant strain derived from P Inhibition end points are expressed in arbi- 
trary units 


TABLE 2 


Presumptive identity of A9 with streplothricin 


ANTIBIOTIC 

INHIBITION END POINT WITH STRAIN* 

INHIBITION RATIO 

Pi 

Risii 

Pi 

K2A9 

l^lSll/^l 

^1A9/ 1*2 

A9 

1/16 

1/4 

1/256 

1/2 

4 

128 

Streptomycin 

Streptothricm 

1 

1,024 

1/2 

64 

1,024 

128 


* Pi and Rism = parent and streptomycin-resistant Escherichia coli Ps and RiAg ■= 
parent and A9-resistant Bacillus subltlts Inhibition end points are expressed as a dilution 
for A9 (a broth filtrate) and as mg per cent for streptomycin and streptothricm 


question of the identity of the substance produced by this organism with strep- 
tomycm or streptothricm arose The response of certam parent and resistant 
strains of bacteria was determmed with the results shown m table 2 

It IS apparent from the data shown m table 2 that A9 could not be (at least, 
solely) streptomycin They suggest, on the other hand, that A9 contamed pre- 
dommantly streptothricm In view of this, we elected not to mvestigate the 
antibiotic A9 further 

^ We are indebted to Dr H J White and Mrs A H Clapp of these laboratories for all 
but one of the resistant strains used in these examples and for the data on the comparison 
of polymyxin and streptomycin 
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(2) It IS common experience that antibiotic activity may be cleinottatratt.d 
more readily m the region surroundmg a colony of the antibiotic-producing 
organism on. an agar plate than it can m broth A means of gaining i clue 
as to the nature of an unidentified substance before much effort is expended 
obtainmg active metabolism solution is obviously advantageous ,\n illua- 
tration with A 9 will demonstrate the pomt 


T.fVBLE 3 


Inhibition zones produced by aclinomycclt A9 


02CANIS1I 

ST2AD»* 

ivuiumoi zovr (ua) 

E typhosa 

P 

13 6 


Ran 

1 

14 0 

P aeruginosa 

p I 

8 5 


Rare 

0 


* P = parent strain 

Ran = streptomycin-resistant Eberthella typhosa 
Rsth = streptothricin resistant Pseudomonas aeruginosa 


TABLE 4 


Nonidentity of polymyxin and streptomycin 


AMIBIOTIC , 

tS-BIBmOV END WDfT 

(no %) wrrn sisals* 

ISUIBITIO < 2AT10 

p 

^SM 

Ksm/p 


Polymyxin 

2 

2 

1 

Streptomycin 

1 

>512 

>512 


* P = parent Escherichia coli Rsu = strcptomjcin resistant strain derived from 1* 


TABLE 5 


Presumptive identity of B7l with polymyxin 


ANTIBIOTIC ^ 

nrammos EXD pourr U/ml with sisals* 

I Bismo I K.\Tia 

Pi 

1 ^IPil 

P. 

KiPii 

Ripm/^* 

RiPii/R 

Polvmj xin 

12 5 

i 1,000 

12 5 

200 

123 

lb 

B71 

25 0 

1,600 

0 25 

200 

01 

12 


* Pi and Ripu = parent and polymjxin resistant Pseudomonas aeruginosa 
P; and Rtpii = parent and poljm>'Mn resistant Klebsiella pneumoniae 


The organism produemg A9 was streaked across an agar plate Folio- mg 
growth, the plate vas cross-streaked m the usual fasluon uith a strcptoinj-cin 
resistant strain of Eberthella typhosa and its parent as ivell ao vilh a atrepto- 
thricm-resistant strain of Pseudomonas aeruginosa and its parent fhe »occs 
of inhibition were measured alter incubation overnight The rcaulta ar< sho .n 
in table 3 
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It was apparent from the results of this simple procedure (table 3) that A9 
was not streptomycm but was either identical unth or closely related to strepto- 
thricin 

(3) In the early stages of mvestigation, the antibiotic polymyxm (Stansly, 
Shepherd, and White, 1947) appeared to resemble streptomycm and strepto- 
thricm m certam of its properties It was felt desirable to determme whether 
polymyxm was identical with either One of the ways this was tested was by 
the use of resistant strams, as shown m table 4 

It was apparent from the results shown m table 4 that polymyxm was not 
identical with streptomycm Similar results were obtamed wath a streptothricm- 
resistant stram and its parent The lack of identity of polymyxm with both 
streptomycm and streptothricin was confirmed m other ways 

(4) A laboratory- had an antibiotic (“B71”) whose identity with polymyxm 
was m question Upon analysis with polymyxm-resistant bacteria, the results 
shown m table 5 were secured 

It i\as apparent from these results that polymyxm and B71 were either iden- 
tical or closely related Results from other biological tests, as well as from 
chromatographic analysis, degradation products, and infrared spectra, confirmed 
the probable identity of the two substances 

DISCUSSION AND COMMENT 

A major pomt of this co mmuni cation is that, for the reasons pomted out, the 
project proposed must be imdertaken as a jomt effort of the various laboratones 
engaged m antibiotic mvestigation 

Emphasis m this proposal is placed upon resistant strains derived from one 
or more designated parent strains of bactena. The plan could, however, also 
mclude pans of unrelated organisms, one of the pair bemg sensitive, the other 
naturally resistant to the Imown antibiotic Pairs of this type have, of course, 
been valuable m the past and would be useful expedients should it prove im- 
practicable to secure resistant “mutants” to certam antibiotics 

With respect to resistant mutants, spontaneous decrease or loss of resistance 
has been envisaged by some as a possible obstacle to the successful operation of 
the proposed plan The mcidence of instabihty of resistant strains and hence !/ 
the senousness of the problem is, however, more or less unknown Furthermore, 
it IS unhkely to be settled for some time to come It would seem inadvisable 
to wait for this event to occur before takmg steps to improve an mcreasmgly 
difficult situation, namely, that of determmmg the possible identity of an anti- 
biotic with one already reported The plan for the identification or differentia- 
tion of antibiotics may be looked upon as an experiment with much to be gamed 
should it prove capable of giving useful information to mvestigators m the field 
The fact that not aU the answers are at hand to meet the problems that are 
envisaged need not be a deterrent to mstitutmg an adequate tnal to determme 
the utihty of the project One beneficial result would be that knowledge of the 

2 Lederle Laboratones Division, Amencan Cyanamid Company 
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behavior of resistant strains would of necessitj accumulate The scheme ceulil 
then be modified accordmgly 

From a practical standpomt several expedients are a\ailable either to mmimtze 
complications caused bj the loss of resistance or to nununize the loss ot resistani.e 
itself The former problem can be met by penodic testing of lesistant strains 
by the issmng agency or by authonzed laboratories The latter problem can 
be met m either of tw o waj s (1) by preparmg a massn e culture of tlie resistant 
stram, wluch is then Ijophilized and distnbuted m the diy state, or (2) bj eul 
turmg, w hen feasible, resistant strains m antibiotic-contaimng media 

SUMMARY 

A plan 13 proposed offermg a systematic approach to the problem ot eirlj 
identification of unknoivn antibiotics and of prompt recognition of new tj pes ot 
antibiotics by means of resistant strains of bactena Collaboration on the part 
of mterested laboratones would be essential for the mitiation of the pi in 

The \anous known antibiotics (which are generally unavailable) are not 
required for the performance of the identification tests .Vll that is reciuired ire 
the various antibiotic-resistant strams together ivith their “inhibition ratios” 
determmed under standard conditions 
A model illustrating the apphcation of resistant strains to the problem pre- 
sented IS given together with a number of examples illustratmg the utility ol 
the method 
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It has been shown that the antibacterial action of penicillin in vitro and in tnvo 
may be markedly enlianced by the presence of appropriately low concentrations 
of cobalt that do not themselves inhibit proliferation of the test organisms (Pratt 
and Dufrenoy, 19476, Pratt, Dufrenoy, and Strait, 1948, Strait, Dufrenoy, 
and Pratt, 1948) This paper presents further evidence of the enhancmg action 
of cobalt on pemcillm activity and offers an explanation of the phenomenon 
It also attempts to define the factors that determine the threshold concentration 
below which pemcillm fails to check and above which it checks the normal 
tendency of the test organism to proliferate The question of an “optimal” 
concentration of pemciUin, i e , whether concentrations above the mini mal 
effective level retard the action of penicillin or not, is also discussed 
Growth of Staphylococcus aureus is dependent on an external source of — SH 
groups, such as presumably may be converted to cysteine (Fildes and Richard- 
son, 1937) and on an external source of glutamic acid (Gale and Taylor, 1946, 
1947) The observations of Gale and coworkers (1946, 1947) as well as results 
of our own cytochemical studies (Dufrenoy and Pratt, 1947o,6, Pratt and Du- 
frenoy, 1947a,6, 1948) suggest that glutathione (y-glutamyl-cystemyl-glycine), 
resultmg from the linkage of glutamic acid to glycme via cysteme, as follows. 


0 

HO 


Glutamic acid 
H H H 


\ 


‘c— c— c— c— c 
I I I II 

N H H 0 
H2 


Cysteine 

H H H SH 

, 111 / 

— N— C— C 


0=C- 


H 


GLLTATHIONE 


Glycine 


H 0 

1 / 

-N— C-C 

I I \ 

H H OH 


may be mvolved m the mechamsm of bacteriostasis of gram-positive organisms 
by pemcilhns, smce the various penicilhns may be wntten as stereochemical 

1 This work was supported m part by a generous research grant from the Cutter Labora- 
tories, Berkeley, California 

* With the capable and gracious laboratory assistance of Virginia Lamb 
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analogues of glutathione inth gljcme replaced bj dimethyl senne, and tLc 
glutamyl fraction replaced by an R residue as follow s, 

Cystein 3 d residue /b!mcth^ 1 serine 
/ 1 esidue 

H H H / 

^ ^ I i i / yCH, 

R~C — hf— C— C— 


h-c—cf 


0 o=c- 


/ H 

PENICILLIN 


The similarity m structure of glutathione and penicilhn has been coniniinttd 
upon m several reports, mcludmg those of Fischer (1947) and Pratt and Dulrunoi 
(1948) 

Gale and conorkers (1946, 1947) have shown that orgamsms that depend lor 
their survival on absorption of glutamic acid from the substrate ire penicillin 
sensitive Our own studies of stainmg reactions on assay plates seem to point 
directly to the mvolvement of glutathione in the action of pcniciUm When 
assay plates are treated mth the Prussian blue reagent for the detection ot 
— SH groups, the rmg of enhanced gronth that circumscribes each zone ol 
inhibition stams an mtense blue (Dufrenoj and Pratt, 1947o, Pratt and Du- 
frenoj’-, 19476) , the positive reaction is not obtained, ho\\e\ er, if the — SH groups 
have been blocked by bromacetate before addition of the ferric^anide lerric 
sulfate reagent (Dufrenoj' and Pratt, 1948) These observations suggest tlut 
the over-all effect of pemcilhn may be traceable ultimatelj to dehjdrogenation 
of reduced glutathione to oxidized glutathione, resultmg largely from the in- 
creased rate of metabolism that is mduced by appropriately Ion concentrations 
of penicillin The most efficient bacteriostatic or bactencidal concentration ui 
pemcilhn may be visualized as one that promotes dehydrogenation faster than 
rehj'drogenation can restore the — SH groups, thus shifting the aerobic respira- 
tory sj^stem out of balance and depnenng the microorganisms of the rcapiratorj 
energy required to provide for absorption of essential metabolites from the 
substrate 

If these assumptions are correct, it foUoivs that pemcillm will be moot elue- 
tue at a concentration such that it accelerates the transfer of hydrogen irom 
— ^3H groups wnthout impeding the activity of hjdrogen acceptors Thert.fort, 
for each set of experiments tn iilro or in mo there would be expected a tlirt.hoM 
xalue, below which the antibiotic speeds up metabolic procto-co i.ithout ir- 
rexersibh' shiftmg them out of balance, and above which it inereo-ea dtlodro- 
genation bejond the rate compatible with mamtenance oi the proper redot 
sv'atems and tbereb> causes irreparable damage to the celL Veeording to 
hj'pothesis pemcillm at an appropnate subthrc-ohold conceniraliou D 

expected to act as a ‘ groaxh factor,” and it i» note.vorth^ tliat suth n < -eet 
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has been reported repeatedly (see review by Pratt and Dufrenoy, 1948) Con- 
centrations greatly in excess of the thieshold would be expected to impair the 
effectiveness of H acceptois and so partially to protect H donors against rapid, 
irreversible dehydiogenation Therefore, it would be predicted that the most 
efBcient and rapid bacteiiostatic effect would follow use of the mimmal concen- 
tration capable of inducing irreversible mjuiy to the cells 

Experimental evidence to support this concept is provided by the data of 
Abraham and Duthie (1946) and Eagle (1948), and by the results of our own 
researches Abraham and Duthie observed that “after 22 hours, more than 
twice as many bacteiia were visible m the presence of 0 04 imits per c cm as m 
the presence of 0 03 umts per c cm ” Eagle showed that for the orgamsms he 
studied theie are thiee critical concentiations of peniciUm, mcludmg an “opti- 
mal” concentration at which the orgamsms are lolled at a maximal late In 
figure 1, data for S awciis, taken from Eagle’s table 2, are plotted on a log-log 
scale, showing the percentage of organisms surviving (lef erred to origmal mocu- 
lum as 100) as ordinates and the horns of exposure to penicilhn as abscissae In 
the presence of 0 024 pg pemcillm per ml, the curve is shifted downward on the 
ordinate This represents a concentration that, m Eagle’s woids “serves only 
to reduce the rate of multiphcation ” At higher concentrations, 0 048 and 0 064 
pg per ml, organisms die faster than they multiply durmg the first 12 hours, so 
that approximately a loganthmic order of death replaces the logarithmic order 
of growth, as was reported by Hobby, Meyer, and Chaffee (1942) and by Abra- 
ham and Duthie (1946) ^ For concentrations between 0 048 and 0 128 pg per 
ml, the percentage of survivors at 12 hours was approximately the same, but at 
concentrations below 0 096 pg per ml, the curves are V-shaped with an ascendin g 
branch from 12 houis on, evidencmg a tendency toward restoration of the log- 
arithmic order of growth, and correspondmg to the “post-lytic waves of growth” 
reported by Bon4t-Maury (1947) and Bon^t-Maury and P^rault (1945) for 
cultures mcubated ivith low concentrations of peniciUm At the optimal con- 
centration (0 128 pg per ml m this experiment), however, the approximately log- 
arithmic order of death contmued throughout the 48 hours of the experiment 
With further mcrease m concentration the rate of kilhng was strikingly reduced, 
as shown by the higher level of the curve for 1 0 pg per ml The existence of an 
optimal concentration for maximal rate of kilhng is shown graphically m figure 
2, which correlates the time required to kill 99 9 per cent of the test organisms 
with the concentration of penicilhn 

Similar evidence of a maximal rate of Icilhng with the miniTnal effective con- 
centration of pemcillm may be adduced also from the patterns that develop on 
assay plates processed by the 3-hour assay mvolvmg impregnation with silver 
and subsequent development (Goyan, Dufrenoy, Strait, and Pratt, 1947, Pratt, 
Goyan, Dufrenoy, and Strait, 1948) This techmque is based on the prmciple 
that cells under the bacteriostatic influence of pemcillm lose the ability, possessed 
by normal cells, to absorb silver mtrate Thus, areas of the plate m which the 


’ For additional references see Pratt and Dufrenoy (1948) 
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cells have lost this ability appear clear following treatment with a solution of 
AgNOa, exposure to light, and subsequent treatment with an appropriate de 
veloper, whereas areas of the plate contaimng cells that do absorb silver appear 
black 

The outer extremity of a zone of inhibition on such plates corresponds to the 
site where pemcillm in its outward diffusion from the cylmder has reached the 
cntical concentration that causes maximal bacteriostatic effect with the shortest 
tune of exposure (probably correspondmg to the time between two successive 
cell divisions) This region is that of least density of silver, and appears as a 



Figs 1 and 2 Sukvival at 37 C of Staphylococcus auheus ix Bsotii CoNXAixiNa 
Different Concentb vtions op Penicillin 


Fig 1 Left Number of living organisms (expressed as percentage of initial inoculum) 
after different lengths of time Fig 2 Rtghl Time required to kill 9D 9 per cent of 
organisms (Note that concentrations of penicillin are expressed in /ig per ml To conv ert 
to Oxford units per ml divide by 0 6 > 


clear rmg on developed plates Immediately outside this ring, the concentra- 
tion of pemcillm attamed is such as only to enhance metabolism and growth 
The deposition of silver is greatest m this region Immediately inside the clear 
penphery of the mhibition zone is a region m which, despite (or because of) the 
fact that there is a higher concentration of pemcillm, deposition of silver occurs, 
indicatmg less rapid impairment of cellular activity than occurs in areas where 
cells are exposed to lower concentrations for a shorter period of tune Thus, the 
test organisms that give the greatest response, as evidenced by physical develop- 
ment, are those that have been exposed for the shortest tune to a minunal 
effective concentration It should be pomted out that the shortest tune re- 
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ported by Eagle (1948) to accomplisb 99 9 per cent lulling in broth cultures of 
S aureus was 5 hours, which corresponds approximately to the mmimum time 
of total incubation required for latent mhibition zones to become demonstrable 
on assay plates seeded with the same orgamsm 

MATERIALS AND METHODS 

The present experiments were performed with cultures of Staphylococcus 
aureus NRRL 313 and of Bacillus suUths NRRL B-558 m broths of the follow- 
mg compositions 


1 

5 aureus 

B suhhlis 

Difco peptone 

6 0 g 

6 Og 

N-Z case peptone* 

4 0 g 

— 

Difco yeast e\tract 

3 Og 

1 5 g 

Difco beef extract 

1 5g 

1 6g 

Glucose 

1 Og 

1 Og 

Distilled water to 

1,000 ml 

1,000 ml 


Cultures were moculated with 1 ml of an 18-hour suspension of cells for 200 ml 
of broth, and were mcubated at 37 C Turbidity of the suspensions was esti- 
mated visually The pemcilhns that were used were a crystalline sodium salt of 
benzyl pemcilhn that assayed 1,549 imits per milligram by the cyhnder plate 
method and a 9-aimno-acndine pemciUm prepared from crystalhne potassium 
benzyl pemciUm * 

EXPERIMENTS AND RESULTS 

Evidence for threshold and optimal concentrations of penicillin in broth The 
threshold concentration of pemcilhn required to check the growth of S aureus 
m senal dilution tests was repeatedly found to be 0 01 umt per ml under the 
conditions of our experiments, whereas when the broth contamed 1 mg of Co 
Clj 6H2O per liter the threshold occurred at 0 001 umts per ml We define 
the threshold m this paper as the minimal concentration of pemcilhn m which 
the broth remains clear for 48 hours The threshold determmed by observation 
of turbidity may be confirmed colonmetrically by the use of appropriate rH and 
pH indicators such as resazunn or phenolsulfou-phthalem, which give sharp end 
pomts m the range involved These end pomts can also be defined by micro- 
scopical exammation of drops removed from the several tubes and mixed with an 
equal volume of a 0 005 per cent solution of neutral red 

As cells of S aureus come under the mfluence of toxic concentrations of pem- 
ciUm, they swell and lose their tendency to form normal 3-dimensional colomes, 
instead they may Ime up m 2-dimensional “streptococcushke” chams or they 
may simply form “diplococcushke” cells that evidence bipolar stainmg due to 

* Obtainable from Sheffield Farms Company, Inc , New York 19, New York 

* Prepared and kindly furmsbed by Dr W D Kumler of this college (Manuscript in 
preparation ) 
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displacement of the vacuolar matenal toward the penpheiy of the cell and its 
concentration at the poles (Pratt and Dufrenoy, 1947a) Concomitantlj with 
these phenomena, the cells release their ribonucleic materials into the medium 
and lose their positive reaction to the gram stam 
The morphological and cytochemical changes foimd m broth cultures are 
shown schematically m figures 3 and 4 The charactenstic tendencj' of cells 
irreversibly damaged by pemcilhn to deteriorate progressively, losmg their 
normal colonial habit of growdh and becommg concatenated, at the same time 
losmg the abihty to absorb and concentrate neutral red m their vacuoles, was 
evidenced at lower concentrations m the cobalt senes than m the control senes, 
although the cells m both groups passed through the same sequence of events 
The morphological evidence obtained tends to establish the validity of the 
concept of an optimal concentration of penicillm above which the antibacterial 


BROTH 


aool UNIT /ml 


NO CELLS 
EVIDENT 


I WG CoCI^ 6 H^Oy L 


'CUDOa UNIT /ml 



CELLS lU 
PLATES AND 

CHAINS 

NO STAI^'I^1G 


001 UNIT /VL 


0°o°0 
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"OIPLOCOCCUS' 
FORM— STAIN 
PERIPHERAL 
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NONE 


1 
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1 
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Figs 3 ai,d 4 DiAGRAiiiLLTic Representation of Morphological and Staining 
Characteristics of Cells of Staphylococcus aureus Exposed for 18 Hours 
AT 37 C TO Different Concentrations op Penicillin in Broth 

Fig 3 Left Standard broth plus 1 mg CoCl: 6HjO/L Fig 4 Right Standard broth 


action IS less rapid Figures 3 and 4, respectively, show that after 18 to 20 
hours no cells were apparent m tubes with 0 001 umt per ml in the cobalt senes 
or m tubes with 0 01 umt per ml m the controls, although cells in various stages 
of degeneration were evident m higher concentrations This suggests a slower 
rate of lysis, which may result m a lower over-all eflBciency of pemcilhn in concen- 
trations exceedmg the mmimal effective dose Several references in the litera- 
ture pomt to the role of lysis products released into the medium in stimulating 
the metabolism of neighbormg cells and thereby rendermg them more susceptible 
to the deleterious action of pemciUm (Bon^t-AIaury and Pdrault, 1945, -tbra- 
ham and Duthie, 1946, Bon^t-Maury, 1947, Pratt and Dufreno>, 19475, 194S) 
A direct correlation exists between the availabihty of oxygen and the ea-c 
with which the threshold concentration can be defined by turbidimetric, mor 
phological, or chemical means This was shown by culturing the organism^ hi 
shallow layers where the diameter of the surface approximated the depth, an< 
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m deeper layers wheie the depth was approximately 3 times the diameter of the 
surface This observation confirms the earlier repoit of Mul4 (1946), who 
reached the same conclusion by the use of different techniques 
Similar evidence of an optimal concentration for preventing growth has been 
found repeatedly when the 9-amino-acridme salt of penicillin has been tested 
against Baallus sublihs The results obtained by visual observations of tur- 
bidity in three representative tests are shown m table 1 
During the first 24 hours theie was the conventional direct relation between 
concentration of diug in the broth and inhibition of growth of the orgamsm 
It is noteworthy, however, that longer periods of incubation revealed a distinct 
optimal concentration which completely checked proliferation, but below and 
above which growth occurred The existence of the optimum was apparent 


TABLE 1 

Growth of Bacillus sublihs in different concentrations of 9-amino-acridine benzyl penicillin 


COhCENTttATlON 

THEOIIETI 



CROWTHt IN TUBES APTER 



or ACRtDlNE 
PEmCILLlN IN 

CAL 

PENICILLIN 

18 Hours 

24 Hours 

42 Hours 

62 Hours 

PHOSPHATE BUr 

TEH (pH 6 9) 

LENT* 

Trial II 

Trial 

III 

Trial n 

Trial 

III 

Trial I 

Trial II 

Trial III 

Trial I 

1 10» 

u/ml 

11 0 


0 


0 



-b 


1 10* 

1 1 

0 
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* Calculated from the quantities of potassium benzyl penicillin (purity 1,503 units per 
mg) and of 9 amino acridine that were reacted 

t 0 = no growth, tubes clear, -b-f = ma\imum turbidity, — means no observation 
made 

not only by visual observation of turbidity, but was confirmed colorimetrically 
by the use of triphenyl tetrazohum chloride as an mdicator of pH and also 
morphologically and cytochemically by microscopic observation of drops re- 
moved from the several tubes and mixed with solutions of neutral red 
It IS noteworthy that on the basis of penicillin content, the 9-ammo-acridme 
salt of pemcillm is 5 to 25 times more effective than the sodium salt m checking 
proliferation of B sublihs Whereas at least 0 06 f-g sodium pemcillm (0 1 unit) 
per ml were required to inhibit prolifeiation to the eighteenth or twenty-fourth 
hours, and 0 3 iig per ml were required to pre'''^ent a secondary wave of growth 
between the twenty-fourth to the forty-second hours, inhibition was obtained 
with as little as 0 015 to 0 02 ^g of any of the several lots of the 9-ammo-acndme 
pemcillm, embodymg only 0 009 to 0 012 ;ig of pemcillm The concentrations 
of the acridme pemcillm that are involved are far below the inhibitory concentra- 
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tions of 9-amino-acridme alone Thus, the effect noted here represents enhance- 
ment of penicillin activity and is not to be considered merely the result of two 
antibiotics actmg simultaneously 

Evidence for threshold and optimal concentrations of penicillin on assay plates 
Smee the premcubation techmque, which permits cultures to reach the logarith- 
mic phase of growth before coming under the influence of pemcillm, makes it pos- 
sible to expose the cells to the effect of diffusmg penicillin at the phase of develop- 
ment when they are most reactive and the sharpest metabolic responses obtain, 
the sequence of events will be illustrated from seeded plates preincubated for 3 
hours without pemcillm and then remeubated for a second period of 3 hours dur- 


INHIBITION ZONE 

d<-PENICYLINDER 

pIFFUSION 

^ AND PHOSPHATE y 


STIMU— UNINHIBITED 
LATION BACKGROUND 


OUTWARD 

DIFFUSION OF * 

LYSIS PROD- f ( 

UCTS FROM 
CELLS IN 

THIS AREA CELLS IN 
PROMOTES DIPLOCOCCUS' 


I «; IM ^ 




oo 



RAPID GROWTH FORM— STAIN CHAINS, 

OF ADJACENT BIPOLAR DIPLO 

CELLS THUS TORMS 

RENDERING 

THEM MORE STAIN 

SUSCEPTIBLE BIPOLAF 

TO PENICILLIN , ^ i 


-STAIN CHAINS, ORIGINAL NORMAL COLONIES 

^R DIPLO COLONIES, STAIN IN CENTRAL 

FORMS CHAINS AND VACUOLE OF EACH 
PLATES CELL— COLONIES 

STAIN PERIPHERAL THREE DIMEN- 
BIPOLAR, OR NONE SIONAL 
CELLS SWOLLEN > I 


Fig 5 Schematized Diagrammatic Representation op Morpiiolooical and Staining 
Characteristics op Cells of Staphylococcus aureus in Different Regions of 
A Penicillin Assay Plate Incubated at 37 C 


mg which penic illin was diffusmg from the cylmders Figure 5 is a schematic 
representation of the morphological and vital stammg characteristics of S aureus 
m different parts of such plates The figure (not drawn to scale) represents a por- 
tion of an inhibition zone and adjacent regions of the assay plate The onginal 
micro colomes that form durmg the premcubation continue during the second 
incubation penod to proliferate tbree-dimensionally m the background where 
they do not fall under the influence of enhanemg or depressing concentrations oi 
pemcillm The background is made up of randoml> distnbuted colonies com- 
pnsmg hvmg cells, each of which is able to absorb and concentrate neutral red or 
other vital dyes m its vacuolar solution (black m diagram) Where enhancuit. 
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concentrations of penicillin obtain, the ongmal colonies no longer proliferate 
three-dimensionally, mostly withm the agar, but mstead the newly formed cells 
spread m one plane, formmg “streptococcuslike” chams that may he close to- 
gether formmg platelike structmes on the surface of the agar This alteration 
m spatial arrangement of the cells reflects a modification of the surface properties 
of the cells (to be discussed m terms of electrostatic charge m a subsequent paper) 
These changes probably are correlated with the release of cellular constituents 
from the swellmg orgamsms, and can be made evident microscopically by the use 
of vital stains, smce the staming, when it occurs, is peripheral, as shown under the 
outermost region of stimulation m the diagram 

Under slightly higher, though still subbactenostatic concentrations, the cells 
become more loosely associated and finally resolve mto “diplococcuslike” struc- 
tures that evidence bipolar staining It will be seen that the profile of the agar 
surface mdicates a slightly raised level m the rmg of stimulation (enhanced 
groivth) wheiem the material diffusmg from the lysed orgamsms m the inhibition 
zone IS actively metabohzed The tendency of the prohferatmg chains and 
plates of cells m this area to crowd the surface, as contrasted with the habit of the 
colomes m the normal background, may reflect an “oxygen hunger” mduced m 
such cells This is probably the result of tv o factors, i e , direct stimulation by 
an appropriately low concentration of penicillin and an accelerated rate of me- 
tabolism mduced by the availabihty m this region of “growth factors” released 
from the lysed cells m the inhibition zone 

The features descnbed and diagrammed above can be observed zn situ, under the 
oil imm ersion objective, on plates dehydrated with methylal® and then flooded 
with cedar oil 

The same sequence of changes m morphology and sta inin g reaction of cells 
exposed to different concentrations of pemciUm can be observed m senal dilution 
broth cultures By analogy (compare figures 4 and 5) one might estunate the 
threshold concentration of pemcilhn delmeatmg the rmg of enhanced growth from 
the zone of inhi bition on assay plates as bemg between 0 001 and 0 01 umt per ml 
Incorporation m the agar of trace amounts of cobalt that are not bacteriostatic 
per se results m considerable enlargement of the zone of inhibition, mdicatmg a 
lower threshold concentration of pemcillm as compared to that obtaimng on 
standard agar By analogy with senal dilution tests (figure 3) the threshold on 
such plates may be estimated as below 0 001 umt per ml 

DISCUSSION 

The effectiveness of cobalt m lowermg the threshold concentration of pemcillm 
for bactenostasis in vitro and possibly tn vivo (Pratt, Dufrenoy, and Strait, 1948) 
may be ascnbed to formation of complexes mvolvmg — SH groups, although the 
possibility of other groups of cell protems also bemg mvolved should not be over- 
looked This IS m accord with the conclusion of Barron (1944), that the effects 
of cobalt on hvmg systems are manifestations of inhibition of — SH groups of 

» Obtainable from Celanese Chemical Corporation, ISO Madison Avenue, New York City 
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enzymes, the functiomng of which is so altered that the o\idation-reduction 
equdibria on which the survival of the cell depends are thrown irreparably out of 
balance 

It IS mterestmg to note m this connection that m our tests, which included Ir, 
Fe, Zn, Sr, Cd, Li, Cu, Ag, Au, and Bi, cobalt has been outstanding in lowering 
the bacteriostatic threshold of penicillm 

As was pointed out by Young and Zelle (1946), to fulfill its function of coen- 
zyme m the cell, glutathione must generally be m the reduced state (GSH), since 
the presence of — SH groups is necessary for the activity of such enzymes as 
glyoxalase, succimc dehydrogenase, phosphorylase, etc These authors m study- 
mg the respiratory pathogemcity of Baeillm anthracis spores pomted out that the 
presence of heavy metals markedly accelerates the oxidation of reduced glutathi- 
one to the disulfide state 

It should be pointed out that the phenomenon of occurrence of an optimal 
range or ranges of concentration that check metabolic activity of test organisms, 
but above and below which normal or even accelerated activity may occur, is not 
peculiar to penicdlin A sundar phenomenon has been reported by Welch, Price, 
and Randall (1946) for streptothricm tested agamst S aureus and for streptomy- 
cm tested against two strains of Eberlhella iyphosa They noted that “relatively 
high concentrations of streptothricm did not mterfere with the ability of the 
organism to reduce nitrate to nitrite, while somewhat lower concentrations caused 
complete inhibition of nitrate reduction,” and that “essentially the same results 
were obtamed when streptomycin was substituted for streptothricm ” 

Moreover, such a phenomenon is not restricted to the action of antibiotics 
That a given concentration of a metal may adversely affect measurable manifes- 
tations of metabolism more effectively than either lower or higher concentrations 
was considered a “general law” by Richet as early as 1906 It is pertinent to note 
that his results were obtained from a study of the effect of different concentra- 
tions of metals, mcludmg cobalt, on lactic acid fermentation, which is now known 
to mvolve glyoxalase, the activity of which depends on — SH groups 

ADDENDUM 

Just as the proof of this paper was received, an additional pertinent report 
showing the existence of optimal concentrations of penicillin for antibacterial 
action came to hand 

Eriksen (1946), working with S aureus, observed that “the highest degrees of 
lysis occur m the weaker concentrations (1/16-1/64 umt per cc ) In the strong 
concentrations (1-1/2 unit) lysis is very insignificant ” He also noted that 
cells exposed to w eak concentrations of penicillin undergo marked changes m 
morphology but that “m strong concentrations of penicillin (1-1/2 unit per cc ) 
there is no corresponding alteration m the morphology ” 

SUMMARY 

Employing standard serial dilution techniques, it was found that the presence 
of trace amounts of cobalt in the broth markedly lowered the concentration o 
pemciUm required to inhibit proliferation of Staphylococcus aureus Concomi- 
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tant tests with suitable rH and pH indicators confirmed the “end pomt” concen- 
trations that u ere determmed on the basis of turbidity Microscopical exanuna- 
tion of cells from the several cultures showed that m the controls and m the 
cobalt series exposed to penicillm the same morphological and cytochemical 
changes occurred, viz , a tendency to change from the normal colomal habit of 
grow th to the formation of “streptococcuslilce” chains of swollen cells which may 
become arranged m plates and finally separate to form “diplocococcushke” 
structures that exndence bipolar staimng with vital dyes mstead of the no rmal 
tendency to accumulate such dyes m the central vacuolar matenal 
Similar phenomena w ere demonstrated on assay plates exposed to pemcilhn 
Evidence based on obssrv ations of turbiditj , of response of the cultures to rH 
and pH mdicators, and morphological changes m the cells, mdicates the existence 
of an optimum concentration of pemciUm above and below which inhibition of 
cellular activity is less pronounced 

Sumlar evidence of an optimum concentration was obtained m tests of the 
9-armno-acridme salt of pemcillin tested against Bacillus subiilis 
An appioximation is made of the concentration of pemciUm at the site of the 
penphery of inhibition zones on assay plates seeded with S aureus 
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It has now been definitely established that the ability to produce stieptomycin 
IS limited to a certain few strams of SUeptomyces gnseus Numeious othei 
strams of tins oiganism, either isolated fiom natural substrates oi taken from cul- 
ture collections, were found to be unable to produce streptomycm oi any other 
antibiotic A ceitain few strams, however, weie found capable of foimmg other 
antibiotics (Wal^sman, Schatz, and Reynolds, 1946) One such stiam produced 
m the culture medium an antibacterial substance that was designated “giisem”, 
this antibiotic was characterized by certain chemical and antibacterial properties 
that were quite distinct fiom other well-lcnown antibiotics (Reynolds, Schatz, 
and Waksmau, 1947) 

Although grisem is m some respects similar to stieptothiicm and to strepto- 
mycin, such as in its solubility in water and its selective activity agamst various 
gram-positive and giam-negative bacteria, it is strikmgly different from these two 
antibiotics in other respects Grisein is adsorbed from the medium on activated 
charcoal, it is not eluted from the adsorbent by alcoholic acid solutions, but by 
neutral 95 per cent ethanol Giisem has a much narrower antibacterial spectrum 
than that of streptothricm and streptomycm It is not active, for example, upon 
Alycobactenum iuberculosis oi upon other bacteria sensitive to the other two anti- 
biotics Bacteria develop resistance to grisem much more rapidly than to either 
of the other antibiotics 

EXPERIMENTAL PROCEDURES AND RESULTS 

Desciiption of orgamsm The grisem-pioducing stiam of Streptomyces gnseiis 
(Kiamsky) Waksman and Curtis shows the major chaiacteiistic properties of 
the species, and can scarcely be distmguished from the streptomycin-producing 
strains of this organism or from the mactive strams 

The followmg are the characteristic pioperties of S gnseus (1) cieam-coloied 
growth on organic and synthetic media, (2) white to cream-colored aerial myce- 
lium with hght-greenish tmge, (3) foimation of aerial hyphae m clusters or tufts, 
the hyphae being straight and without spirals (figure 1) , (4) lack of pigment for- 
mation on potato, gelatin, and various peptone and protein-contaimng media, 
and (5) strong proteolytic activities, as characterized by rapid liquefaction of 
gelatm 

^ Journal Senes Paper, New Jersey Agricultural Experiment Station, Rutgers University, 
Department of Microbiology 

- With partial support by a grant made by the New York Foundation 
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that IS, the abihty to produce gnsem, which is not formed by other cultures, and, 
second, the nonsensitmty of the grisem-producmg cultures to phage, the strepto- 
mycm-producmg strams bemg sensitive to a specific actmophage (Reilly, Harris, 
and Waksman, 1947) There is another property that is more one of degree than 
of kmd, namely, a lesser tendency of the aerial mycehum to show the typical 
grass-green coloration, the pigmentation remammg more cream-colored This 
property is largely influenced, however, by the composition of the medium 

Produclion and testing of gnsem The methods of growmg the organism for the 
production of grisem are similar to those commonly used for streptomycm A 
simple nutrient broth, consistmg of 0 5 per cent peptone, 0 3 per cent meat ex- 
tract, and 0 3 per cent NaCl, was at first used Glucose was found to exert an 
mitial delaymg effect upon the production of gnsem Later, more effective media 
were developed The medium is moculated with spores of the gnsem-producmg 
strains of S gnseus (no 3478), and the cultures are mcubated, m a stationary 
condition, for 6 to 12 days or m a shaken or submerged condition for 4 to 6 days 

The antibacterial potencj’- of the culture filtrate and of the isolated crude gns- 
em preparations can be determmed either by the agar streak dilution method, 
or by the agar diffusion or cup method The rapid development of bacterial cells 
resistant to gnsem precludes the use of serial dilution procedures m the hquid 
media 

A streptomycm-resistant stram of Eschenclna coli gives the best results as a 
test organism by the cup method of assay, gnsem produces a very clear zone with 
this organism Such a stram can further be used for differentiatmg between 
gnsem and streptom> cm, and thus give measurements for the concentration of 
grisem m the medium even m the case of cultures that may also produce some 
streptomycm In the cup assay method, gnsem gives identical zones whether a 
streptomycm-sensitive or a streptomycm-resistant culture of Escherichia coli is 
used In contrast to streptomycm, the activity of gnsem is unaffected by the 
presence of glucose m the test medium, either m the agar streak method or m the 
cup method 

In testmg for the concentration of grisem, a 24-hour-old broth culture of E coli 
IS used to moculate the nutrient agar The moculation and pourmg of the plates, 
the preparation of the cups, the mcubation of the plates, and the readmg of the 
zones are conducted m accordance with the procedures developed for assaymg 
pemcilhn and streptomycm As m the case of the latter, the values obtamed by 
the cup assay method are a function of the pH at which the assay agar is buffered 

Formation and isolation of gnsem When first tested by the cross-streak 
method on agar plates, S gnseus 3478 was found to exert the greatest activity 
against certam gram-negative bacteria, notably E coli, and against certam gram- 
positive organisms, notably Bacillus subtilis and Staphylococcus aureus, as shown 
in table 1 The culture was much less active against most other bactena, such 
as Serratia marcescens. Pseudomonas aeruginosa, Sarcina lutea, and Bacillus my- 
coides, with no activity at aU against various other bactena, mcludmg Klebsiella 
pneumoniae and Aerohacter aerogenes 
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When S griseus 3478 was grown m nutrient broth, the culture filtrate uas 
found to contain an antibiotic substance that had a spectrum even narrow er than 
that shown by the growmg culture m the cross-streak method These results, 
presented m table 2, fully confirm those reported previously (Eeynolds, Schatz," 
and Waksman, 1947) The active substance, namely the gnsem, had no elTect 
at all against a number of bacteria found both among the gram-positive (Bacillus 
mycoides, Sarcina lutea, and Alycobaclenuni 'phlci) and gram-negati\e (Aerohacicr 
aerogenes. Pseudomonas fluorescens, Proteus vulgans) groups It was not active 
against fungi The discrepancy between the results obtamed by the cross-streak 
method and the activity of the substance produced m the liquid culture medium 

TABLE 1 


The antagonistic activity of Streptomyces griscus S478 against various bacteria 
(Cross streak plate method*) 


ORGANISE 

20 VE or iNninmo t 

E coll 

mn 

16 

P aeruginosa 

5 

P fluorescens 

7 

S marcescens 

7 

K pneumoniae 

0 

A aerogenes 

0 

B sublilis 

12 

B megatherium 

6 

B mycoides 

5 

S aureus 

13 

S lutea 

2 

M phlei 

6 

M tuberculosis 607 

3 


‘Plates containing 14 ml nutrient agar nere streaked with no 3478, and incubated 
48 hours at 28 C The plates were then cross streaked with various bacteria and incubated 
for 20 hours at 28 C, the M phlei and M tuberculosis plates were incubated at 37 C for 2 
days A.11 figures represent averages of 10 bacterial streaks 

suggests the probability that under certam conditions of cultivation another anti- 
biotic distinct from gnsem may be produced by the organism 
The addition of glucose to the medium ivas found to delay gnsem production 
This was due to a reduction m the pH of the medium because of the production 
of acid from the glucose When the glucose medium was buffered with phos- 
phate at pH 7 0, gnsem was produced m smaller amounts, however, than in 
the unbuffered medium or m simple nutnent broth 

The addition of iron salts to orgamc or to synthetic media, such as a modifica- 
tion of Thomberry’s medium (1946), had a stnkmgly favorable effect upon the 
antibiotic activity of the culture filtrate and upon the yield of gnsem This is 
brought out m figure 2 Equivalent amounts of iron, in the form of ferroui sul- 
fate, feme ammonium citrate, and peptonized iron, brought about approximately 
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the same stimulation of grisem production The antibiotic substance isolated 
from the media that were supplemented with ferrous salt gave the same antibac- 
terial spectrum as the grisein preparations obtamed from media not enriched with 
iron, thus mdicatmg that the increase m activity was due to an actual mcrease m 
the foimation of giisem 

In synthetic media, ammonium citrate proved to be superior as a source of 
nitrogen when compared to other compounds, with glycme commg next When 
iron was present, the activity of the S3mthetic bioth was mcreased from 0 to 2,200 
umts per ml or even higher 

In order to isolate crude grisem preparations the metabohte solution was fil- 
tered through glass wool and filter cel, and treated with 8 g of norit A per liter 
The grisem was adsorbed on the norit The adsorbent was removed by filtration, 

TABLE 2 


Antibiotic spectrum of a culture filtrate of S griseus S478 
(Incubated, under submerged conditions of growth, for 4 days, and tested by agar plate 

streak method) 


OftCANlS:^ 

DILDTION UNIIS/UI. 

E coll W 

250 

E coll 2 

250 

A aerogenes 

0 

S marcescens 

250 

P aeruginosa 

0 

P fluorescens 

0 

P vulgans 

0 

B sublilis 

200 

B mycoides 

0 

B megatherium 

100 

S aureus 

>300 

S luiea 

0 

M phlei 

0 

P notatum 

0 

T mentagrophyles 

0 


and treated with 95 per cent ethanol, 10 ml per gram The resultmg slurry was 
stirred for 2 hours at 45 C, and the brownish ethanohc eluate separated by filtra- 
tion The filtrate was reduced to approximately one-fiftieth the origmal volume 
by vacuum distillation at 55 C Methanol was added to the remainmg s 3 Tup 
until a precipitate just began to form, and the suspension was added dropwise, 
with constant stirring, to acetone, the active substance came out m the form of a 
flocculent precipitate This precipitate was desiccated in vacuo and stored at 
6 C Nonsterilized grisem solutions stored at 6 C favored the groivth of con- 
tammatmg fungi and bactena much more frequently than is the case with strepto- 
mycm, because of the narrower antibiotic spectrum of the grisem 
The results of a tjqiical experiment, usmg the foregomg procedure, may be 
cited 11 5 hters of metabolite solution obtamed by growmg the organism m 
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shaken culture for 4 days at 28 C gave a yield of 2 67 g of crude gnsein The 
culture tested 700 units per ml, the resultmg product tested 430 units per mg 
The yield of the antibiotic was, therefore, 14 5 per cent of the theoretical 
Chemical properties of gnsein Crude gnsem preparations are completelj solu- 
ble in water, shghtly soluble m 95 per cent ethanol, and msoluble m absolute 
ethanol, ether, and acetone The activity remams unchanged even vhen the 
solution IS heated to 100 C for 10 mmutes When grisein is treated for 20 hours 
with 0 2 N formic acid m 50 per cent aqueous methanol (pH 2 2), followed by 
neutrahzation of the solution with an alkah, all the gnsem is recovered 



Fig 2 The Effect of Ibon as Fcrroos Sulfate on the Productio i of Grisei i 

Recorded values are peaks of activity obtained with meat extract peptone NaCl medium 
in submerged culture 


When the culture filtrate is treated wuth filter cel, or alumma at pH 4 5, or when 
it IS passed through a Berkefeld filter, none of the gnsem is adsorbed 

Gnsem is sensitive to mcreasmg acidity of the substrate, m a manner similar 
to that of streptomycm, as shown m figure 3 Gnsem differs from streptomycin 
m that it remams imaffected by sulfhydryl compounds or by carbonyl group 
reagents (table 3) The xarious preparations were made up m concentrations 
just below the lex els required to mhibit the growth of E coli and were added to 
appropriate aliquots of stock solutions of the ti o antibiotics The intibaeti r ai 
actmtj' of the mixtures xvas measured by the agar cup diffusion method uaing h 
coll as the test organism and a standard gnsem preparation Whereas strepto- 
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mycm is readily inactivated by cysteine, hydroxylamine, and certain other re- 
agents, these have httle if any effect upon the potency of gnsein 



Fio 3 Effect of pH of Nutrient Assay Agar on Zone Size Obtained in Cup Diffusion 

Assay of Grisbin with E coli 

TABLE 3 

The effect of sulfhydryl compounds and carbonyl group reagents on the antibacterial activity 

of gnsein and streptomycin 


INBIBmOH 07 E COLI ZONES IN UUf 


REAGENTS 0 0013 M SOLUTION* 

Streptomycin 

Gnsein 

16,ig/ml 

2S;.g/mlt 

200 units/ml 

Control 

MM 



Cysteine 


8 0 


Sodium thioglycolate 


25 0 


Hydrazine 


10 0 


Hydroxylamine 


8 0 

^B ^^B 

Semicarbazide 





♦ Cysteine is 0 013 m 

t Assay cup has a diameter of 8 mm 

t These results were obtained in an earlier experiment 


Antibacterial properties of grisein Just as in the case of the results obtained 
by the cross-streak method and in the metabohte solution, isolated and concen- 
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trated gnsem preparations possess relative^ narrow antibacterial spectra 
This IS brought out m table 4 Numerous gram-negative and gram-positu e bac- 
teria, mcludmg the acid-fast bacteria, are not sensitive to it Certain bacteru 
that avere oiigmally sensitive to the crude culture filtrate became nonsensitne to 
the isolated grisem , this is true, for example, of Seiralia viarcescen^ hen a loiv 
potency preparation was tested by the turbidimetric method against the non- 
pathogemc Mycobacterium tuberculosis 607, usmg the modified Dubos “tiieen SO” 
medium, no inhibition was obtained Grisem is highly active, howeier, against 
various species of Salmonella and Shigella, and against Micrococcus lysodakticus 
In the early studies of streptomycm it was found that a streptothricm standard 
could be used for standardization purposes Unfortunately, a suniJar standard 

TABLE 4 


The antibacterial spectrum of a potent preparation of grisem 
(Units of activity per mg of preparation) 


E coll 

1,800 

S marcescens 

<100 

P aeruginosa 

<100 

P fluorescens 

<30 

A aerogenes 

<30 

K pneumoniae 

<30 

P vulgaris 

<30 

S pullorum 

30,000 

S dysenlenae 

18,000 

S paradysenteriae 

18,000 

S alLalescens 

1 1,800 

M tuberculosis 607 

<30 

M phlei 

<30 

B subtihs 

300 

B mycoides 

<30 

B megatherium 

1,000 

B ccreus 

1,000 

M lysodetklicus 

30,000 

S aureus 

3,000 

S lutca 

<30 


cannot be used with great accuracy for measuring the activity of crude gnscin 
preparations This is because the slopes of the curves for the two antibiotics 
differ shghtly In addition to the reason given previously for usmg E coli for 
standardizmg gnsem preparations, there was also the fact that by the cup method 
this antibiotic allows the formation of an excellent zone of inhibition of E colt, M 
compared to a very undefined, narrow zone produced by streptomycin B 
subtihs, which is commonly used in testmg streptomycin preparations, gncs a 
sharp zone wnth gnsem, but the rap.d development ot resistant strama agumt 
this antibiotic makes accurate readmgs difficult Wien S aureus n u::cd a-T the 
test organism against a streptomycin standard, grisem preparations give a higher 
umtage than that obtamed with either of the foregoing t \o teat bactena this 
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IS brought out in table 5 The zones of inhibition Avere generally lower at 37 C 
than at 28 C, they were sharper, however, and could be read more easily on the 
plates mcubated at the higher tempeiatme Strep tomy cm gave narrowei zones 
against E colt than did giisein That was the chief reason for adoptmg E colt 
as the test organism and for measurmg grisem activity m terms of E colt dilution 
umts against a given standard 

Stieptomycin-iesistant cultures of E colt and S aureus were frequently more 
sensitive to grisein than were the parent cultures The Bodenheimer organism, 

TABLE 5 


The influence of the temperalurc of incubation upon growth inhibition of bacteria by 

streptomycin and grisein 


TEUPERATUIK 

(c) 

ANTIBIOTIC 

CONCDNTBATION 

ZONE or INHIBITION HU 



E coh 

B suhltlts 

5 aureus 

28 

Streptomycin 

SO Mg/ml 

14 8 

24 8 

18 8 

37 

Streptomycm 

so Mg/ml 

13 4 

19 5 

17 0 

28 

Gnsem 

4 mg/ml 

19 0 

20 5 

28 5 

37 

Gnsem 

4 mg/ml 

18 1 

14 3 

21 5 


TABLE 6 


The effect of iron on the activity of grisein 


ASSAY 

1 

IBON * UC/L ACASL 

E cou, u/m. 

Agar streak 

0 

1,000 

Agar streak 

50 

900 

Agar streak 

500 

0 



ZONE OF E COLI INHIBITION UU 

Cup method 

0 

16 6 

Cup method 

70 

16 6 

Cup method 

104 

8 0 


• FeSO, 7H,0 


however, which is resistant to streptomycm and sensitive to streptothnem, was 
also found to be resistant to grisem 

Effect of iron on grtsein acttmly In spite of the fact that the presence of iron 
m the medium greatly stimulates the production of gnsem, it exerts an inhibitory 
effect on the activity of this antibiotic This effect can be demonstrated when 
both the iron salt and the gnsem preparations are mcorporated mto the nutrient 
agar assay medium and the plate is streaked with the test bacteria, or when the 
iron salt is mcorporated m the medium and the grisem solution is placed m cups 
The results are presented m table 6 As httle as 0 0004 m ferric iron completely 
inhibited the antibacterial effect of gnsem upon E colt 
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To determine whether the iron ion is responsible for the inactivation of the 
gnsein, three different concentrations of the sulfates of seven cations iiere incor* 
porated into various lots of nutrient agar Certain deviations in the inhibition 
activity of the gnsem i\ ere produced by the vanous cations as compared to the 
control medium, however, only those media to which ferrous sulfate was added 
showed complete lack of gnsem activity 
When iron compounds were added to a solution of gnsem and tested by the cup 
method, an mactivatmg effect was also obtamed, much higher concentrations of 
iron bemg required, however, to bring this about The addition of 4 g of fenous 
sulfate per hter partly inactivated gnsem, whereas 25 g per L brought about 
its complete inactivation Three grams of feme a mm onium citrate per liter 
gave partial mactivation, but no complete inactivation was obtained even by 
100 g per L of this salt 

This mactivatmg effect on gnsem by iron may be due to the formation of an 
msoluble non-grisem complex S imil ar effects were observed m the study of the 
inactivation of aspergiUic acid by non (Goth, 1945) No precipitate was ob 
tamed when aqueous solutions of gnsem and of ferrous sulfate ivere mixed, wlien 
the non was removed from such solutions with hydrogen sulfide and alkaline 
acetate, and the H 2 S evaporated over KOH, the activity of the gnsem was re- 
stored Thus, if an msoluble complex is formed, the process can be reversed 
under the conditions noted v 

Development of resistance to gnsein When culture media containing gnsein 
are assayed by the agar streak dilution procedure, colonies of the test organisms, 
notably of E coh and S aureus, resistant to gnsem often appear in the streaked 
areas The resistant nature of the strams thus obtamed was confirmed by pick- 
mg the colomes and growmg them on gnsein-containmg agar The greater fre- 
quency with which resistant colomes appear in streak assay procedures with grb 
em mdicated that the development of resistant strains was much more rapid 
against this antibiotic than agamst streptomycin 

This tendency of gnsem to favor the formation of resistant strams was further 
brought out m studies of its action on E coh m nutrient broth cultures dho 
growth curves obtamed m the presence of several concentrations of gnsein shoir 
no bactencidal effect A bactenostatic action was observed only during the 
first 6 hours of mcubation, after which growth proceeded as rapidly as in gn-Cin- 
free cultures It is this property of gnsein that precluded its assay by the use ol 
broth dilution procedures A comparison of the growth of E coh in nutnent 
broth contammg gnsem or streptomycin showed (table 7) that, after 48 hours 
mcubation, more than 10 times the number of resistant cells were present m the 
gnsem-contammg than m the streptomycm-contammg medium 

The difference m the action of the two antibiotics was most stnkingly demon- 
strated when 20-hour E coh cultures in nutnent broth were plated out in nutrient 
agar media contammg mcreasmg concentrations of the mdividual antibiotics am 
with mcreasmg levels of one antibiotic plus a fL-^ed concentration of the other 
agent The effect of different concentrations of streptomyem results m a sharp 
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drop m the numbers of viable bacterial cells between 1 and 4 umts per ml, when 
the amount of streptomycm is increased to 15 umts per ml no resistant cells are 
left In the case of gnsem, however, the cell count drops to half the control 

TABLE 7 


The growth of E coli in media conlaining gnsem and streptomycin 



UNITS OF ANTIBIOTIC / ML 

Fig 4 Influence op Concentration op Antibiotics in Agar Media and the 
Development of Resistance by E coli 

□ Streptomycm 
O Gnsem 

A Streptomycm + 1 imit of gnsem per ml 
V Streptomycm 5 umts of gnsem per ml 

population with 2 umts per ml, and thereafter levels off to a constant value This 
IS brought out m figure 4 

If fixed amounts of gnsem (1, 5, and 10 umts per ml) are added to the platmg 
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agar contaimng increasing amounts of streptomycm, the resulting curves suggcat 
an additive effect m low concentrations, and a synergistic effect at higher le\°els 
Thus, 1 umt per ml grisem plus 2 umts per ml streptomycm (totaling 3 umts per 
ml) gave 1 X 10^ cells per ml when 1 ml of a 20-hour-old culture of E colt was 
plated out, whereas 3 umts per ml of streptomycm gave 1 X 10* cells per ml Vt 
higher concentrations, namely, when 1 umt per ml grisem was added to 5 units 
per ml streptomycm (totahng 6 umts per ml), no resistant cells developed, 
whereas the correspondmg agar contammg 6 umts per ml of streptomycm gave a 
cell count of 1 X 10’ per ml Conversely, if fixed amounts of streptomycin (1 and 
2 umts per ml) are added to agar contammg mcreasmg amoimts of grisem, the 



UNITS OF GRISHIN / ML 

Fia 5 Effect of Vahying Concemkations of Antibiotics in Nutiuent Ag upon niE 
Development of Resistance by E coli 

O Grisem alone 

V Grisem -I- 1 unit of streptomycin per ml 
A Grisem -f 2 units of streptomycm per ml 

effect is merely additive, regardless of the concentration of grisem used (figure 5) 
Thus 1 unit per ml streptomycm plus 2 umts per ml grisem (totalmg 3 units per 
ml) gave 3 X 10* residual cells per ml, 3 umts per ml gnsem giving 5 X 10* cells 
per ml At the higher levels, 1 umt per ml streptomycin plus 5 units per ml of 
gnsem (totahng 6 umts per ml) gave a count of 1 X 10* cells per ml, G units per 
ml gnsem givmg 3 X 10* resistant cells per ml Hence, though it was possible to 
prevent the detectable development of resistant cells by adding 1 unit per ml o 
gnsem to 4 umts per ml of streptomycin,’ such growth could not be prevented by 

’SL\teen units per ml of streptomjcin itself would be required to prevent detectable 
development of resistant cells under these conditions 
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the addition of small concentrations of streptomycm to high concentrations of 
grisein 

In VIVO activity of gnsein The rapid development of strains of bacteria resist- 
ant to giisem leads one to hold m abeyance any evaluation of the potentialities of 
this antibiotic as a chemotherapeutic agent Nevertheless, prehmmary studies 
made by Mr Otto Graessle, at the Merck Institute for Therapeutic Research, 
mdicated that giisem is well tolerated by experimental animals even m concen- 
trations of 500,000 units per kg of body weight Mice were protected agamst 
Salmonella schottmullen and S aureus infections with doses of grisem rangmg 
from 800 to 1,600 umts per mouse Grisem may, therefore, prove to be of value 
m supplementing streptomycm theiapy, for the purpose of suppressing the devel- 
opment of resistant strains of certam gram-negative bacteria agamst which it is 
effective 


SUMMABY 

Grisem, an antibiotic distmct from streptomycm, is produced by certam strams 
of Streptomyces griseus, when grown m orgamc or m synthetic media, m stationary 
or m submerged culture 

Gnsem concentration m the metabolite solution is best measured by usmg a 
streptomycm-resistant stram of Escherichia coll, m order to avoid possible con- 
tammation with any streptomycin that the organism may produce 
The production of grisem is greatly favored by the presence m the medium of 
iron compounds The addition of iron salts to the test medium, however, reduces 
considerably the antibacterial potency of grisem preparations 
Although grisem is similar, m its solubility and m its general antibacterial 
properties, to streptomycm and streptothricm, it differs from these antibiotics by 
a lack of basic properties and by a much narrower antibiotic spectrum 

Grisem is resistant to heat (100 C for 10 minutes) and to acid treatment at 
room temperature The activity of grisem depends upon the hydrogen ion con- 
centrations m the medium, an effect similar to that of pH upon streptomycm 
The activity of grisem is not affected by sulfhydryl or carbonyl group re- 
agents 

Cultures of E coli and of Staphylococcus aureus made resistant to streptomycm 
and to streptothricm are sensitive to grisem Other streptomycm-resistant 
bacteria, lilce the Bodenheimer organism, are also resistant to grisem 
The addition of small amounts of gnsein to streptomycm solutions produces a 
sjmergistic effect on bacteria sensitive to both antibiotics, the development of 
resistant bacteria bemg greatly depressed 

Grisem possesses only a limited toxicity to expenmental animals, and is active 
in VIVO agamst bacteria sensitive to it in vitro 
The authors wish to express their smcere appreciation to Dr Dorothy Smith 
and to Dr H Christme Reilly, of this laboratory, for assistmg with the testmg of 
various gnsem preparations, and to Mr O Graessle, of the Merck Institute for 
Therapeutic Research, for conductmg the in vivo experiments and for permittmg 
us to refer to his data m this paper 



752 DONALD II HETNOLDS AND SELMAN A WiKSMAN [-VOL 55 

REFERENCES 

Goth, A 1945 The antitubercular activity of aspergillic acid and its probable mode of 
action J Lab Chn Med , 30, S99-902 

Reilly, H C , Harris, D A , ynd Waksman, S A 1947 An actmophage for S/rcp/omjcri 
gnseus J Bact , 64, 451-466 

Reylolds, D M , ScHATZ, A , A^D Wyksmaa, S A 1947 Grisein, a new antibiotic pro 
duced by a strain of Streptomyces gnseus Proc Soc E\ptl Biol Aled , 64, 50-5} 

Thoenbebby, H H 1946 Nutrient requirements of an antibiotic soil fungus, Strcp'o 
myces gnseus CKrainsky) WaLsman and Henrici Phytopathologj , 36, 412 

Waksiian, S a , ScHATZ, A , AAT) Reynolds, D M 1946 Production of antibiotic sub 
stances by actinomycetes Ann N Y Acad Sci , 48, 73-S6 



PEELIMINARY OBSERVATIONS ON GERMINATION OF THE SPORES 

OF BACILLUS MYCOIDES IN A NITROGEN-FREE MEDIUM AND 

CERTAIN PROPERTIES OF THE TRANSPARENT CELLS 

GEORGES KNAYSI 

Laboratory of Bacteriology, State College of Agriculture, Cornell 
University, Ithaca, New York 

Received for publication February 18, 1948 

The abibty of the endospores of Baallus mycoides to germinate m a medium 
free of nitrogen, but contaimng a source of energy, was recently shmvn by Knaysi 
(1945) This was confirmed by lOiaysi and Baker (1947), who also observed 
germmation m solutions of glucose and sodium acetate, showing that the endo- 
spore contains a source of both mtrogen and phosphorus This and other con- 
siderations (Knaysi, 1946) mdicated that the spore contams a relatively large 
quantity of ribonucleic acid Search of the literature to ascertam whether spore 
germmation under similar conditions had previously been observed led only to a 
parenthetical statement by Eijkman (1918) mdicatmg that he observed endo- 
spore germination m solutions of glucose, lactose, and manmtol, but not m solu- 
tions of glycerol In the case of Bacillus mycoides, Knaysi (1945) showed that 
lactose IS mactive and pomted out that germmation is mduced only by substances 
which can be utilized as a source of energy He also pomted out the importance 
of bufltermg the solution It should be emphasized, however, that the proportion 
of spores which gennmate under these conditions is variable and usually small, 
and that many of the vegetative cells observed develop as a result of growth In 
view of the value of the vegetative cells which develop m such media for cytologi- 
cal investigations, and of their potential value m other fields of theoretical and 
practical bacteriology, it was found desirable to study the conditions which con- 
trol spore germmation m mtrogen-free media 

SCOPE, STRAIN, AND TECHNIQUE 

In the present work we did not study the effect of the medium m which the 
spores are formed In all experiments the spores of Bacillus mycoides, C 2 , were 
harvested from slant cultures on the medium meat infusion, J strength, 100 ml, 
tryptone, 0 25 g, glucose, 0 25 g, and agar, 1 5 g The growth was very carefully 
scraped off two 7-ml slants and washed three times, each time m 10 ml of sterile, 
distilled water, and finally suspended m 10 ml of sterile, distilled water When 
the cultures were 6 or more days old at 27 to 28 C, the suspension was practically 
free of vegetative cells (<1 per cent) Smce germmation m the media used was 
slow, we recorded the proportions of vegetative cells and spores m cultures 16 to 
24 hours old at 33 C The media were moculated heavily (4 X lO" to 20 X 10® 
spores per ml) 

The medium used most m this work was a solution of 0 2 g of glucose and 0 2 g 
of sodium acetate m 100 ml of distilled water This medium was often supple- 
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merited with small amounts of an equimolai mnrtuie of monopotassium and dipo- 
tassium phosphates varying from 1 to 10 parts m 2,000 parts of Uie medium In 
a few experiments the medium v as supplemented, m addition, nith other mmoral 
salts (0 1 ml of Speakman’s mtxture B which had been diluted 100-fold to 5 ml of 
the medium), or with biotm (3 pg per ml of medium) 

RESUIiTS 

The results of numerous experiments led to the follow mg conclusion The num- 
ber of vegetative cells that develop m the glucose, acetate solution depends 
ivithm wide limits, on the age of the culture from which the spores were harvestcil 
and, particularly, on the age of the spore suspension In one typical experiment, 
for instance, a spore suspension fleshly prepared fiom a slant culture 24 da^s old 
at 25 to 27 C gave 20 per cent of vegetatixm cells after 16 hours of mcubation, 23 
days later the same suspension gave 2 4 per cent In both cases the moculum 
was 15 X 10' spores per ml The addition of ammonium sulfate to the medium 
did not mcrease the number of vegetative cells when the medium was moiulatcd 
from the old suspension 

We also made the mterestmg observation that the number of vegetative cells 
that develop m the glucose, acetate medium may be mcreased vhen the stock 
solutions from which the medium is prepared (2 g of glucose and 2 g of sodium 
acetate, each m 100 ml of distdled wmter) are freshly autoclaved The efTcct of 
autoclavmg persists for a number of hours In a typical ex-perunent, a freshlj 
prepared suspension gave 23 per cent of vegetative cells in 16 hours when the 
stock solutions were autoclaved on the precedmg day, and 65 per cent when the 
stock solutions were autoclaved on the same day 

The number of vegetative cells may also be mcreased when the glucose, acetate 
solution IS supplemented wnth as httle as 1 part of potassium phosphate mixture 
m 2,000 parts of the solution The effect is particularly noticeable w’hen the 
stock solutions are not freshly autoclaved or when the spore suspension is rela- 
tively old With a fresh suspension and stock solutions which w ere autoclaved 1 
wmek previously, the proportion of xmgetative cells obtamed m 16 hours may be 
raised by the phosphate from about 12 to 20 per cent, with freshly autoclaved 
solutions and a suspension 23 days old, the proportion of vegetative cells may be 
raised from 8 9 to 28 per cent Supplementmg the glucose, acetate solution with 
Speakman’s salts B or with biotm has no beneficial effect 

Properties of the Vegetable Cells 

The vegetative cells that develop m the glucose, acetate solution have several 
mterestmg properties In 70 to 90 per cent of these cells the cytoplasm becomes 
transparent to electrons at normal voltages and loses its property of staining with 
methylene blue at low pH (Ivnajsi and Baker, 1947) It also becomes^ gram 
negative, and the nuclei, which remam defmitelj gram-positive, may be demon- 
strated m these cells by gram staining In the present work we U‘^ed Buries 
method modified by omittmg the sodium bicarbonate The clcetnc charge of 
the surface of these cells and its relation to pH and catiomc detergent;^ >re si n 
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to those of cells of the same organism grown on ordmary media (Dyar and 
ICnaysi, 1947) On the other hand, these cells seem to have undergone a consid- 
erable change m peimeability They aie highly permeable to neutral red m 
extremely dilute solutions (e g , 1 to 10 mg per hter) 

Although the proportion of the spores which geimmate m the glucose solution 
IS, usually, relatively small, a lugh propoition of the spores which do not germi- 
nate acqune vegetative chaiacteristics, becommg readily permeable to dyes m 
dilute solutions Of these, many stam deeply and uniformly, but many others 
show a famtly stamed cytoplasm cont ainin g two or more deeply stamed nuclei, 
indicating loss of ribonucleic acid without germination All gradations between 
these two extremes may be obseived 

DISCUSSION 

The present woik confirms that of Knaysi (1945) and of Knaysi and Baker 
(1947) that the endospore of Bacillus mycotdes contams a source of both mtrogen 
and phosphorus, but not of energy Smce microscopic observations reveal that 
the vegetative cells that develop m the glucose, acetate solution contam at least 
as much diffuse hpoid matenal as those that develop m ordmary media, it is un- 
likely that the souice of mtrogen and phosphorus would be a phospholipid 
Smce this source has a low isoelectric point (about pH 2), it is unlikely that it is 
protem On the other hand, the low isoelectric pomt of this material is similar 
to, and its physiological behavior is identical ivith, that of volutm (Knaysi, 1946), 
which, accordmg to Delapoite (1939), is chiefly ribonucleic acid The present 
work further shows that when this material is used up, the cell becomes gram- 
negative, just as it becomes giam-negative when ribonucleic acid is removed by 
means of enzymes oi chemicals (Dubos and MacLeod, 1938, Henry and Stacey, 
1943) This conclusion is furthei confirmed by the work of Vendrely and Li- 
pardy (1946), who attnbuted the poor stamability of cells hydrolyzed with 
hydrochloric acid to the loss of ribonucleic acid 

The piesent work also confirms that of Ruehle (1923) and others who demon- 
strated a number of enzymes, and that of Curran, Brunstetter, and Myers (1943), 
who demonstrated several mmerals, m the endospores of vanous bacteria In- 
deed, the endospore of Bacillus mycoides seems to be fully equipped to begm and 
carry on normal metabohc processes provided a source of energy is supplied 
The coenzymes and mmerals which may be necessary are probably held withm 
the spore because of the low permeabihty of its coat A spore which had lost its 
supply of coenzjunes or mmerals by leakage or m which these were somehow mac- 
tivated would not be able to germinate m the glucose, acetate solution Analysis 
of the effect of agmg of the spore suspensions mdicates that agmg is due to gradual 
oxidative processes that at first mactivate and later destroy somethmg, m the 
spore, essential for metabohc activities, probably certam coenzymes In the 
early stages, the process may be reversed by the addition of traces of phosphate 
or by the use of freshly autoclaved stock solutions, both heat and phosphate are 
Imown to activate solutions of sugar and of other complex biological material 
The effect of autoclavmg on dye-contammg, complex culture media is common 
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knowledge among bactenologists, the effect persists for hours Dubos (1920) 
showed that autoclaved bouillon became more reducing and more suitable for the 
mitiation of grovdh of small mocula Wurmser (1930) reported that, beloii pH 
9, the potential of sugar solutions is more positive nhen they are buffered Muh 
borate than when they are buffered with phosphate luiaysi (1935) found tliat 
the potential of meat infusion was more quieUy established and more definite 
and reproducible at 60 C than at room temperature, this potential i\as not 
affected by NaCl, but became more negative when phosphate vas added at all 
pH values above 5 75 The beneficial effect of sublethal heat on spore germina- 
tion obserrmd by Evans and Curran (1943) and Curran and Evans (1945) appears 
very likely to be an efiect of potential 
The present mvestigation does not favor the eoncept of dormancy as a signifi- 
cant biological phenomenon 


SUMMARY 

The number of vegetative cells that develop m a solution of glucose and ace- 
tate inoculated Math endospores of stram C™ of Bacillus mycoides decreases w ith 
the age of the culture from which the spores ivere han'ested and, particularly, 
with the age of the spore suspensions When the spore suspension is moderately 
old, the number of vegetative cells may be considerably mcreased when the stock 
solutions of glucose and acetate are freshly autoclaved oi when traces of poti* 
Slum phosphate are added WTien the spore suspension is too old, autoclaving 
and the addition of phosphate lose their effect Agmg is attributed to ovidative 
processes which, m the early stages, are reversed by the activ'ated sugar 
The vegetative cells that develop m the glucose, acetate solution are gram- 
negativ^e and highly permeable to neutral red Many spores that do not germi- 
nate acquire vegetativ e characteristics 
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SHIGELLA TIETE 

\ J WEIL* AND H SLAFKOVSKY 

Lcdm Ic Laboratories Division, Amei lean Cyanamid Company, 

Pearl River, New York 

Received for publication February 18, 1948 

De Assis in 1939 ia,b) desciibed strain 648, which was related in cultuial 
piopeities to Shigella alkalescens, although it failed to feiment dulcitol Anti- 
genically it was entnely diffeient fiom the oidinaiy S alkalescens At that time 
this foim was called allvalescens II, a designation that was adopted by Neter 
(1944) Approximately 20 stiams of this type weie isolated fiom cases of dysen- 
teiy m Rio de Janeno and Sao Paulo (De Assis et al , 1946, De Assis, 19476) 
Two of the strams slowly utilized lactose (De Assis et al , 1946) In a recent 
publication, De Assis (19476) designated these stiams as Shigella iiete ^ 

Among the stiams employed by Braun and Unat (1942a,6, 1943a,6) m then 
mvestigation of the magglutmability of ceitam shigellae, a stiam Claik was 
mentioned which, when received m this laboratory, pioved to be culturally and 
sexologically mdistmguishable from S iiete The isolation of strams of this type 
at two pomts as distant as Brazil and Turkey suggested that S iiete is more 
than a local Brazilian vaiiant Foi this reason, and because the confusion 
regarding this type reflects what may occur m the classification of shigellae m 
general, we feel justified m reporting our experiences with S iiete 
The stiam Clark was obtamed through the courtesy of Professor Braun both 
as “Ocl” and “01” variant Di de Assis kmdly sent us four of his strams m- 
cludmg the lactose-feimentmg cultures, “Gen” and “Cav ” We are also m- 
debted to Dis Ewmg, Francis, Netei, and Mollaii for strams used m this work 
S iiete IS a giam-negative lod that is nonmotile m fluid media and semisohd 
agar at 20 C and 37 C It does not liquefy gelatm nor attack urea It is 
anaerogemc, mdole-positive, and it reduces tiimethylamme oxide (Wood and 
Baird, 1943, Weil and Black, 1944) It forms acid rapidly from glucose, man- 
nitol, maltose, and arabinose, and may oi may not slowly utilize sahem Dul- 
citol and rhamnose aie not fermented Lactose was not acidified by two of 
the strams of Dr de Assis, but was slowly fermented by stiams “Gen” and “Cav” 
as well as by Braun’s strain Clark On agai plates, the strams form both clear 
and opaque colonies, as observed in S alkalescens (see figure 1 and references 
m Weil, 1947) All stiams formed round smooth colonies They grow evenly 
throughout fluid media, and suspensions are salt-stable 

The clear variant is agglutmable The opaque variant is magglutmable 
when tested m the hvmg state, but after boiling for 1 hour the bacteria are 
completely agglutmable The clear variant usually breeds tnie The opaque 
form has a tendency to split off clear variants The mclmation to do so varies 
greatly m the progeny of mdividual colomes picked and repeatedly replated 

* Present address Dept of Laboratories, The Bronx Hospital, New York 56, N Y 

* Pronounced tee ay-tay 
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T\Tieii tested by slide agglutination \nth absorbed sera or in tubes witli uii- 
absorbed sera for Shigella dijsentei lae, Shigella amhigua, the 15 tjpcs ot I'kvmr 
(I to XIV and Shigella elousae), Shigella sonnei, S alkalte,ceni,, ind the 3 tipia 
of the Large Sachs group, no agglutination iias obtamed .Vlso no signilauit 
reactions were obtamed nuth hvmg or boiled bacteria with sera for Slwjdhi 
ualefield, strams 1831 and 2370 of ^^Tieeler, Neter’s 9731 (alkaleaceiis tjpe 1\ ), 
and a few hitheito undescribed smgle strains, mcludmg the cultunll} siniilir 
stram A113, which Dr J B Nelson isolated in India as no 1477-CS57 Boiled 
bacteria reacted to approximately 10 pei cent of the homologous titer with sen 
for Shigella no (Weil el al , 1918), Boyd’s stram 1296/7, and Ewing’s 2-193 
In all three cases absorptive analysis showed that mmor and independent inti 
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genic relations are mvohed ^Is to S no, there was no evidence tint disorp- 
tion wath one of the <S iiele strams mfluenced significantly the phase B antigin 
llTien rabbits were immunized with S liele strains, sen were obtained tint 
gave identical reactions when tested against the dilTercnt Shigella types li-ited 
m the premous paragraph They could be exhuasted by e leh of the S lute 
strams It made no difference whether li\e or boded cultures were med \ > 
sorption of the sera made with living microorg inisnis by bictiria boiled for 1 
or 2 hours also completely^ exhausted the sera ^ 

Significant cross reactions were obseraed with strains of Ewing m' 
with Boyd’s 129G/7 Absorption with these strains sliowed tii it the lioniologoin 
reaction is not significantly impaired and the antibodies re ictue with t le two 
strains are not identical Strain 9731 of Netcr also 'how eel 'Oini < ro-s n letiiJii 
Absorptue analysis showed that this intigcn is rclited to the one jin mt m 
Boyd’s 129G/7 
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DISCUSSION 

Our data are in complete agreement with those of De Assis S tiele appears 
to be a distmct new member of the genus Shigella It shares with other shigel- 
lae (see references m Weil, 1947) the property of a heat-labile component or 
structure that inhibits agglutmation m the hvmg state Variants are formed 
(and possibly also may occur m natural surroundmgs) m which this “envelope” 
is lackmg The agglutmable and magglutmable vanants can be distmguished 
by differences m the opacity of their colomes, which is another character that 
S tiele shares with S alLalescens 

It appears that otherwise indistmguishable strams of S iiete may differ in 
their abihty to ferment lactose slowly In a recent review (Weil, 1947), oc- 
casion was taken to emphasize the variability of the cultural properties of Shigella 
types Thus, Shigella paradysenteriae tj^es IV and VI comprise strams that may 
or may not utihze mannitol, and Flexner type VI also compnses strams that may 
or may not form slight amounts of gas (references m Weil, 1943, 1947) From 
the general agreement on these cases it appears that the viewpomt that antigenic 
relationships are of greater importance than cultural properties for dehning 
Shigella types is gainmg wider acceptance This attitude wiU probably facihtate 
the correlation of classification and immunological host relations (Wed, 1947) 

In the case of S tiele the range of variation extends to a property that m the 
past appeared to be of particular importance in classification, namely, to the 
utihzation of lactose However, S tietS is not the only Shigella type m which 
lactose fermentation varies The antigemo charactenstics of the Shigella 
(2-193) that was first found by Ewmg, and which is identical with Neter’s 
alkalescens III (Neter, 1944, De Assis, 1947a), are found m strams that do and 
and that do not form acid from lactose (Carpenter, 1943, Carpenter and Stuart, 
1946) Under the predommance of cultural considerations, Ewmg’s 2-193 has 
been successively classified as a <S alkalescens, as S dispar (Carpenter and Stuart, 
1946), and as S flexneri (Francis, 1946) Similar uncertainties have been 
avoided m the description of salmonellae by adoptmg the practice of designating 
new types by some geographical epithet It may be advisable to follow a similar 
procedure m the designation of new shigellae Accordingly, a Brazilian Shigella 
has recently been described by Weil et al (1948) as Shigella no, and this con- 
sideration mduced De Assis to abandon his former designation of S alkalescens 
II in favor of S tiele 


BUMMAKY 

Data on the cultural and antigemc properties of Shigella tiete are given 
The reasons for favormg the designation of new shigellae by geographical 
epithets are discussed 
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NUTRITIONAL REQUIREMENTS OF BACILLUS LARVAE^ 

H ICATZNELSON and A G LOCHHEAD 
Deparlmenl of Agncidlure, Ottawa, Canada 

Received for publication February 13, 1948 

Bacillus larvae, causal agent of American foulbrood of bees, is a fastidious 
organism requirmg special media for successful cultivation Crushed biood, 
egg yolk, yeast, carrot and turmp extracts, and chicken embryo have been used 
for this purpose, but no attempt to elucidate the specific nutritional reqimements 
of this organism was made until 1942, when it was foimd to require thiamine 
for growth on an agar medium contaimng peptone, glucose, and morgamc salts 
(Lochhead J Bact , 44, 185) The peptone could not be replaced by casern 
hydrolysate or a mixture of known ammo acids An attempt to develop a 
completely synthetic medium for this organism is briefly reported herem 
Ten growth factors and 18 ammo acids (Katznelson and Lochhead J Bact , 
64, 83) were added m different combmations to a basal salts glucose fluid medium, 
and the mixtures moculated with heavy suspensions of B larvae cells from a 48- 
hour peptone yeast extract glucose agar culture (Holst and Sturtevant J Bact , 
40, 723) Although only fair growth was obtamed m this medium, the require- 
ment for thiamme was confirmed with all strains tested The thiazole and pyrim- 
idine fractions of this vitamm could not replace the mtact molecule None 
of the remammg growth factors was requured, however, subsequent tests with 
strepogenm- mdicated that it was essential for some, though not for all, strains 
of B larvae A purme base was necessary for growth of all strams, xanthme 
and guamne bemg mterchangeable, though ademne was somewhat less effective 
Omission of each ammo acid smgly from the mixture of 18 m a basal medium 
contammg a purme base m addition to the ongmal mgredients showed that 
histidme was essential for the growth of all strams In the absence of cystme, 
valme, leucme, aspartic acid, tryptophan, argmme, prohne, or isoleucme growth 
was retarded Considerable stram vanation was observed m regard to require- 
ments for these ammo acids The nme acids mentioned above supported fair 
growth of 12 strams However, serial transfer was not achieved even m a flmd 
medium contammg 18 ammo acids This was accomplished only on the addi- 
tion of washed agar to give either a semisohd or sohd medium 
Shghtly different results were obtamed m regard to ammo acid requirements 
when a semisohd agar instead of a fluid medium was used The omission of 
histidme or prohne suppressed growth completely, as did the omission of tyrosme 

1 Contribution No 257 (Journal Series) from Division of Bacteriology and Dairy Re- 
eearch, Science Service, Department of Agriculture, Ottawa, Canada 

* Blindly supplied by Dr D W Woolley, Rockefeller Institute for Medical Research, 
New York 
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and phenylalanine together, though not singly, without arginine growth wu 
very slight The remaining ammo acids found to be stunulatory m i flmj 
medium uere ormtted without effect from the semisohd agai medium 
The need for heavy mocula to mitiate growth m both fluid and sembolid 
media and our inability to culture the organism serially in the liquid medium 
suggest additional growdh essentials This is borne out by the fact tliat washed 
cells grew better m a fluid peptone medium than m the synthetic medium and 
by the abihty of the organism to grow on serial transfer in the former Iho 
replacement of agar by other substances providing increased surface, such as 
glass wool, crushed glass, and glass beads, was meffective m stimulatmg growth, 
as was aeration 


MIMA POLYIVIORPHA IN MENINGITIS 

GEORGE G DE BORDi 
li25 Manchester Lane, N IF , Washington 11, D C 

Received for publication February 17, 19-18 

A perusal of the bactenological hterature shows that the bacteni isolitcd 
from the spinal fluid m menmgitis in sporadic cases may be classified into three 
groups (1) a very high percentage of the pathogenic bacteria, (2) many bacteria 
that are not ordmarily considered pathogenic, and (3) new species that nu) or 
may not bear a resemblance to Nassena or other Icnown bacteria Within the 
genus Neissena, smear preparations are not sufficient for identification of the 
microscopically similar species Murray (Urol and Cutaneous Rev , 43, 739) 
called attention to the importance of the cultural identification with respect to the 
meningococcus and the gonococcus and was confirmed later by Carpenter and 
Charles (Am J Pub Health, 32, 640) Branham (U S Pub Health &er\ at, 
Pub Health Repts , 46, 845) discovered Netssena Jlavescens by the cultur il 
method dunng a locahzed epidemic of meningitis Pleomorphism is another 
factor that can confuse a diagnosis by smear preparations This has been 
shown by the author (J Bact , 38, 119, low'a State Coll J Sci , 16, 171, J lab 
Clm Med , 28, 710) 

A patient (J C ) was admitted to the hospital in a comatose condition In the 
routine examination of the spinal fluid a gram-negative intraccllul ir uiplococtus 
was isolated that resembled the genus Neisseria Since it i/as obtained from 
the spinal fluid, it was assumed for the moment to bo Neisseria intracdluhiru 
However, the cultural characteristics did not conform to tlut organism and it i u 
gi\en bj IMiss Alargaiot Bush to the author for identification I iirther studies 
showed the organism to be Mima volymorpha Cultures from the spin il flun 
yielded this organism dunng the first week of illness, and during thia tunc rni< ro- 

* Formerlj with the District of Columbia. Health Dtp irtraciit 
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scopic examinations of the spmal fluid contmued to show gram-negative diplo- 
cocci After the first week, when treatment with sulfonamides had begun, 
further smears and cultures were negative This contmued to be the case to 
the tune of the patient’s discharge from the hospital 10 weeks later When the 
patient was last seen a year and a half after his discharge from the hospital, he 
reported that he had been m excellent health smce leavmg the hospital 

This culture of Mima polymorpha and other members of the tribe Mimeae 
were pathogenic to mice when injected mtraperitoneally Injections were made 
late in the afternoon and the mice were found dead the next mommg Cultures 
were taken from the heart blood Larger doses were used in this work than those 
used by Deacon (J Bact , 49, 511) with gumea pigs Smce the rod form pre- 
dommates after culture on media for some time, the mouse moculation method 
was used to revert the Mimeae cultures to the condition m which the majonty 
were diplococcal forms 

Regardless of the source of real or apparent gram-negative diplococci, whether 
eye, cervix, vagma, spmal flmd, or bram tissue (Deacon), cultural studies must 
be made for a correct identification of the bacteria 


THE EFFECT OF STREPTOMYCIN ON THE FORMATION 
OF ADAPTIVE ENZYMES 

ROBERT J FITZGERALD and FREDERICK BERNHEIM 

Department of Physiology and Pharmacology, Duke University Medical School, 
Durham, North Carolina 

Received for publication February 26, 1948 

Certam mycobactena oxidize benzoic acid, and this oxidation is inhibited 
by streptomycm (Fitzgerald and Bernheim J Bact , 64, 671) Organisms grown 
on a normal medium exhibit a latent period of 30 to 60 mmutes before benzoic 
acid is oxidized Organisms grown m benzoic acid subsequently oxidize benzoic 
acid without this latent period, and much more streptomycm is necessary to 
inhibit the oxidation This relative insensitivity to streptomycm was thought 
to be due to the presence of more benzoic acid oxidase m the organisms grown m, 
and therefore adapted to, benzoic acid Recently Stanier (J Bact , 64, 339) 
has shown that benzoic acid and related compounds are oxidized by adaptive 
enzymes m Pseudomonas fiuorescens The adaptation occurs when the com- 
pounds are added to nongrowmg cell suspensions m the Warburg vessel, and it 
requires about an hour for the formation of the adaptive enzyme It seems 
possible that a similar rapid adaptation occurs m mycobacteria If this is so, 
then the inhibition of benzoic acid oxidation by streptomycm may not be due 
primarily to the inhibition of the benzoic acid oxidase but to the inhibition of 
the formation of the enzyme In other words, streptomycm may inhibit the 
production of an adaptive enz 3 me 
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In order to test this, Mycobacterium lachcola was grown in a medium already 
descnbed Forty mg per cent neutrahzed benzoic acid was added to the com- 
plete medium After 48 hours’ growth at room temperature the bactena Here 
centrifuged and washed, and a standard suspension was made Aliquots were 
placed m Warburg vessels, and the oxygen uptake was measured m m/ 20 phos- 
phate buffer pH 6 7 m the presence of benzoic acid with and without different 
amounts of streptomycin Table 1 shows that the oxidation of benzoic acid 
by organisms grown m the normal medium is inhibited 44 per cent by 50 per 
ml, 82 per cent by 100 pg per ml, and completely by 200 ng per ml of strepto- 


TABLE 1 

The effect of slreptomycin on the oxidation of 1 0 mg sodium benzoate by M lachcola at S7 C 

pH 6 7 


1 

TUIE 

NORilAL 

CROWN IN 40 UC % BENZOAIB 

Mia 

Coatrol 1 

50 /Iff S 

100 MS s 

200 Mg S 

Control 

50 pg S 

100 „sS 

200 MS s 

30 

-6 

-10 

-4 

-6 

93 

71 

64 

66 

60 

4 

-2 

-4 

-8 

276 

216 

195 

185 

90 

69 

28 

9 

-9 

427 

332 

301 

279 

120 

139 

73 

25 

-6 

554 

449 

408 

379 

150 

229 

119 

40 

-7 

563 

526 

478 

441 


The oxygen uptakes m the absence of benzoate have been subtracted The figures are 
in terms of mm’ of oxygen utilized S = streptomycin The minus sign indicates an 
inhibition of the resting respiration by the benzoate 


mycm On the other hand, the oxidation of benzoic acid by organisms grown 
m its presence is inhibited 25 per cent by 50 iig per ml, 30 per cent by 100 pg 
per ml, and 33 per cent by 200 ng per ml Similar results are obtained when 
p-hydroxybenzoic acid is used These experiments suggest that the enzymes 
are relatively msensitive to streptomycm and that inhibition is caused by the 
suppression of their formation The previously published experiment that 
showed that streptomycm caused less inhibition m the presence of 2 0 mg of 
benzoic acid than m the presence of 1 0 mg could be mterpreted to mean that 
2 0 mg caused the production of more enzyme 


STEROID EFFECT UPON BACTERIAL GROWTH 

ESTHER W SQUIRE and EDWARD N SQUHIE 
Department of Biology, Mundelein College, Chicago, Illinois 

Received for publication February 26, 194S 

Raab (Science, 103, 670) recently reported that cholesterol added to culture 
media inhibited the growth of Staphylococcus aureus In this laboratory, 0 1 per 
cent cholesterol m nutnent broth either inhi bited or enhanced the growth o ccr 
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tain gram-negative orgamsms but was without effect upon the gram-positive 
bacteria tested 


TABLE 1 


Growth of bacteria in nutrient broth containing steroids* 



BICHO- 

IXSTESYL 

1 

CnOLES> 

TERYL 

CHLORIDE 

CHOLES 

TERYL 

BROMIDE 

CHOLES 

7EROL 

1 

CHOLES 
TERYL 
p TOLU 
EKE SDL- 1 
EONATZ ' 

5-010- 

LESXEKE 

3 5-cho 

LESTA 
DIEKE , 

CONTROL 

Alcaligenes faecalis 

N 

N 

N 

E 

N 

N 

N 

N 

Staphylococcus aureus 

N 

N 

E 

N 

N 

N 

N 

N 

Aerobacter aerogenes 

N 

E 

N 

I 

N 

N 

E 

N 

Escherichia coli 

N 

E 

E 

N 

N 

N 

I 

N 

Proteus vulgans 

N 

N 

N 

N 

N 

N 

N 

N 

Eberthella lyphosa 

N 

E 

N 

N 

N 

N 

N 

N 

Shigella paradysenleriae 

N 

E 

N 

I 

N 

N 

N 

N 

Bacillus sublilis 

N 

N 

N 

N 

N 

N 

E 

N 

Salmonella schotlmuellen 

N 

B 

E 

E 

N 

N 

N 

N 

Staphylococcus albus 

N 

N 

N 

1 N 

N 

N 

E 

N 

Klebsiella pneumoniae 

N 

I 

I 

I 

N 

N 

E 

N 

Streptococcus lactis 

N 

I 

I 

N 

I 

I 

N 

N 

Bacillus megatherium 

N 

N 

N 

N 

N 

N 

N 

N 

Serratia marcescens 

1 N 

N 

N 

N 

N 

N 

N 

N 

Sarcina lutea 

N 

N 

N 

N 

N 

N 

N 

N 


N = normal growth E = enhanced growth I = inhibited growth 

* Nutrient broth contained 0 1 per cent steroid derivative Readings were measured by 
turbidity 


The steroid derivatives, which were prepared by replacing the hydroxy group 
of cholesterol with halogen or other substituents, generally affect the growth of 
bacteria differently This is shown m table 1 
The action of cholesteryl chloride and bromide is particularly mterestmg m 
view of the fact that Turfitt (J Bact , 64, 557) found many soil organisms unable 
to utilize cholesteryl chlonde 















AMINO ACID INTERRELATIONSHIPS IN THE NUTRITION 
OF STREPTOCOCCUS BOVIS 

MARY R WASHBURN akd C F NIVEN, Jr 
Laboratory of Bacteriology, College of Agriculture, Cornell University, Ithaca, New York 

Received for publication February 1, 1948 

During the course of an investigation to determine the nutntive requirements 
of Streptococcus hotns, a vanable growth response was noted with certain combina- 
tions of ammo acids that could not later be explamed on the basis of the ammo 
acid requirements determmed for that orgamsm Streptococcus boms was found 
to be unusual among the streptococci m that it does not have an absolute re- 
quirement for any smgle ammo acid Moreover, it can mitiate growth m a 
medium contaimng one ammo acid, argmme (Niven, Washburn, and White, 
1948) It was found, however, that the addition of certam other ammo acids 
or combinations of ammo acids to a basal medium containing argmme produced 
growth retardation or inhibition This growth inhibition can be reversed by the 
addition of certam other ammo acids 

The quaUtative and quantitative mterrelationship between these ammo acids 
IS the subject of the present study 


MEIHODS 

The culture used throughout this study was Streptococcus boms (P20), from a 
fatal case of subacute bacterial endocarditis The composition of the basal 
medium is given m table 1 Five mg of argmme per 10 ml of medium supply 
sufficient amm o mtrogen for maximum growth of the organism The concen- 
tration of sodium thioglycolate was mcreased to 5 mg per 10 ml to ensure an 
adequate sulfur source The foUowmg ammo acids were used durmg the m- 
vestigation DL-threonme, DL-methionme, nn-valme, nn-leucme, nn-isoleucme, 
Dii-lysme, n-histidme, nn-phenylalanme, n-tyrosme, n-prohne, glycme, dl- 
alanme, nn-serme, n-glutamic acid, i/-aspartic acid, n-cystme, L-tryptophan, 
Dii-norleucme, and n-hydroxyprohne 

The techmque used m this study mcludmg the methods of treatmg glassware, 
the preparation of the medium, mcubation, and the techmque for measurmg 
growth were previously descnbed (Niven, Washburn, and White, 1948) The 
only change was m the method used for moculatmg the medium The cells m a 
24-hour meat infusion broth culture were centrifuged and resuspended m 1 ml of 
sterile water One drop, or approximately 0 05 ml of this cell suspension, was 
mixed with 9 ml of sterile distilled water The medium under test was mocu- 
lated with one drop of this dilute cell suspension 

RESULTS 

By addmg the 19 ammo acids mdividually to the basal medium m varymg 
concentrations, it was found that certam of these ammo acids produced either 
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growth retardation or inhibition depending upon the concentration As shown 
in table 2, isoleucine, leucine, threonine, uorleucme, and alanine produced grow th 
inhibition when added individually to the medium The minimum concentra- 


TABLE I 
Basal medium 


Riboflavin 

mtcrosnas 

10 

Calcium pantothenate 

10 

Nicotmic acid 

50 

Pyridoxme 

10 

Thiamine HCl 

10 

Biotin 

0 01 

Folic acid (concentrate) 

0 01 

p-Aminobenzoic acid 

10 

Choline chloride 

50 

Inositol 

! so 

Xanthine 

50 

Adenine sulfate 

50 

Guamne HCl 

50 

Uracil 

50 

L-Arginine 

5 

Glucose 

100 

KjHPOi 

60 

Sodium thioglycolate 

5 

Salts* 

Water to make 

10 ml 


* Salts composed of 20 mg NaCl, 0 8 mg MgSO< 7HjO, 40 micrograms FeS0< 7H2O, and 


12 micrograms MnClj per 10 ml medium 

TABLE 2 


Ammo acids ■producing growth inhibition in the presence of h arginine (S mg per 10 ml) 


XKHXBIIQK 

vTvnnng covcxNTaATio*J lox 
CO-£PIXTE cmiBITlO'/ 


ml per 10 ml 

DL-Isoleucine 

0 002 

nir-Leucine 

0 01 

DL-Threonine 

02 

DL-Norleucme 

1 0 5 

DL- Alanine 

5 0 

DL-Phenylalanine 

4" 

0 2 each 

L-Tyrosine 




tion of each of these that inhabited growth m the medium containmg 5 mg 0 
argmme varied from 0 002 mg per 10 ml for isoleucme to 5 mg per 10 or 
alanme It has been pomted out by Hegsted and Wardwell (1944) that many 
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samples of synthetic DL-leucme contam significant amounts of isoleucme The 
leucme used m this study was isoleucme-free 

A combmation of phenylalamne and tyrosme was found to inhibit growth, 
whereas either of these ammo acids when added separately m as high a concen- 
tration as 20 mg per 10 ml produced no discernible effect upon the grondh of this 
orgamsm As low a concentration as 0 2 mg per 10 ml of each of these ammo 
acids completely prevented groivth By mcreasmg or decreasmg the concentra- 
tion of one of these ammo acids and holdmg the other constant it was found that 

TABLE 3 


Quantitaliie relationship belneeti dl p -phenylalanine and h-tyrosine in growth inhibition 


DL-PHZNYI-UANIKE 

L TVIOSIN'E 

DENSITOilETEB READINGS* 

mg per 10 ml 

mg per 10 ml 


5 

1 

31 

2 

1 

0 

1 

1 

0 

0 5 

1 

0 

0 2 

1 

100 

0 1 

1 

150 

0 

1 

155 

1 

5 

61 

1 

2 

0 

1 

1 

0 

1 

0 5 

0 

1 

0 2 

80 

1 

0 1 

130 

1 

0 

125 

5 

0 

0 

2 

2 

0 

1 

1 

0 

0 5 

0 5 

0 

0 2 

0 2 

0 

0 1 

0 1 

120 

0 

0 

145 


* Readings made after 47 hours’ incubation, umnoculated medium reads zero 


the greatest inhibitory effect occurs when equal concentrations of phenylalamne 
and tyrosme are present (table 3) 

As would be expected, the amount of argmme m the medium affects the con- 
centration of the inhibitory amino acids needed to prevent growth By doublmg 
the argmme m the medium it was found that a substantially larger amount of 
the antagonistic ammo acid was needed 

The ammo acids that were found to reverse the inhibition produced by iso- 
leucme, leucme, threonme, and norleucme are given m table 4 In each case 
valme was an effective counteractmg substance It produced complete reversal 
at a concentration lower than that of the mhibitmg agent Glutamic acid was 
the next most effective ammo acid, nhereas cystme and methionme were usually 
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TABLE 4 

Relationship between the inhibitory ammo acids and those that counteract their inhibition 


INHIBITING AlHNO ACIB AND 
CONCENTRATION 

COUNTERACTING A-ONO ACIDS 

UCiIlCUU CONCENTRATION 

DL-Isoleucine 

DL-Valine 

mg per 10 ml 

0 05 

0 2 mg per 10 ml 

n-Glutamic acid 

0 2 


DL-Leucine 

1 0* 


DL-Methionine 

5 


L-Cystme 

5 

DL-Leucme 

[ DL-Valine 

0 01 

1 mg per 10 ml 

n-Glutamic acid 

0 05 


DL-Isoleucine 

0 2* 


L-Cystme 

0 5 


DL-Methiomne 

1 

DL-Threomne 

DL-Valme 

0 05 

1 mg per 10 ml 

L-Glutamic acid 

0 5 


nn-Methionine 

0 5 


L-Cystine 

5 

DL-Norleuoine 

DL-Valine 

0 05 

2 mg per 10 ml 

L-Glutamic acid 

0 5 


nn-Methionme 

0 5 


L-Cystine 

5 


* Maximun, not mimmum, concentration 


TABLE 5 


Effect of tryptophan upon growth inhibition produced by phenylalanine and tyrosine 


DL-RHENNLALAHINE 

E TYROSINE 

L-TRVRTOFHAN 

ms fcr 10 ml 

ms per 10 ml 

ms per 10 ml 

1 

1 

1 

1 

1 

0 5 

1 

1 

0 1 

1 

1 

0 05 

1 

1 

0 01 

1 

1 

0 005 

1 

1 

0 001 

1 

1 

0 0005 

1 

1 

0 0001 

1 

1 

0 

0 

0 

1 

0 

0 

0 


* Readings made after 40 Lours’ incubation, uninoculated medium 


DENSITOUETEl ZE APIhCS 


195 

190 

190 

190 

87 

57 

57 

89 

16 

0 

190 

190 


reads zero 


effective only at concentrations equal to or higher than that of the inhibiting 
ammo acid 
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Leucine, which alone produced growth inhibition, was also found to counteract 
isoleucine In this case, not high but only low concentrations were effective 
As would be expected, low concentrations of isoleucme were also found to counter- 
act the inhibition produced by leucine 

The growth inhibition produced by the simultaneous addition of phenylalanine 
and tyrosme was found to be counteracted by tryptophan As shown m table 5, 
as low a concentration as 0 05 mg of tryptophan per 10 ml would completely re- 
verse the growth inhibition produced by 1 mg each of phenylalanme and tyrosme 
Partial counteraction was obtamed with as little as 0 0001 mg of tryptophan In 
addition, it was found that both mdole and anthramhc acid were effective substi- 
tutes for tryptophan m overcommg this giowth retardation Counteraction can 
also be obtamed usmg glutamic acid or cystme m concentrations equal to or 
higher than that of the phenylalanme and tyrosme 

DISCUSSION 

It would appear that studies of ammo acid mterrelationships which manifest 
themselves by mhibitmg the growth of an orgamsm m a simple, chemically de- 
fined medium might divulge helpful information as to possible paths of ammo acid 
syntheses by imcroorganisms One of the earliest reports of antagonistic action 
of ammo acids upon the growth of bacteria was presented by Gladstone (1939) 
usmg Bacillus anthracis In this case, mterrelationships were shoivn to exist 
between valme, leucme, and isoleucme, norleucme, vahne, and leucme, and valine 
and threomne The mechanisms observed m the present study may be very 
sunilar to those reported by Gladstone However, it was necessary to use a 
number of ammo acids m the basal medium for the growth of Bacillus anthracis, 
and this may be the reason that the ammo acid mterrelationships manifest them- 
selves m a somewhat different manner from those m the present study 

In more recent years ammo acid mterrelationships have been demonstrated 
by a number of authors usmg a vanety of nucroorganisms Porter and Meyers 
(1945) have shown that certam concentrations of allothreonme, norleucme, and 
norvahne inhibit the growth of Proteus morganii when added smgly to a medium 
contammg cystme A number of ammo acids were found that would counteract 
the growth inhibition produced by allothreonme and norvalme, whereas methio- 
nme was the only ammo acid that would counteract the effect of norleucme 

Mutants of Neurospora have also been of value m the study of the metabolism 
of ammo acids Bonner (1946), usmg a stram of Neurospora that requires both 
valme and isoleucme, has proposed that a genetic block m the conversion of ke- 
toisoleucme to isoleucme operates m this organism to brmg about an accumula- 
tion of ketoisoleucme This m turn may result m an inhibition of valme syn- 
thesis 

In the present study, growth inhibition was observed m the basal medium with 
added isoleucme, leucme, threomne, or norleucme Smce the growth inhibition 
could be reversed usmg relatively small amounts of valme m each case, it may be 
supposed that each of these ammo acids is effectively blockmg the sjmthetic 
processes at the valme level 
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A Study of the mimmum concentrations of each of the inhibiting ammo acids 
that will completely prevent groivth of the organism demonstrates the fact that 
isoleucme is by far the most effective Leucme, threonine, and norleucme must 
be added m progressively larger amounts to produce complete inhibition of 
growth This might lead one to assume that the only reaction blocked m this 
case IS the synthesis of valine m the presence of too high a concentration of isoleu- 
cme The presence of added leucine, threonme, or norleucme may produce the 
same effect owing to their structural similarity Another possibihty hes m the 
fact that added leucme, threonme, or norleucme may brmg about the synthesis 
of more isoleucme 

In each case considerably higher concentrations of glutamic acid, methionme, 
and cystme were also effective m reversmg the inhibition produced by isoleucme, 
leucme, threonme, and norleucme Here we may consider the possibihty that 
they brmg about the reversal mdrrectly through the ability of the orgamsm to 
S 5 m.thesizevalme and other ammo acids from them These pomts are admittedly 
mere suppositions -with httle foundation 
Hier (1947) noted that when relatively large amounts of leucme, isoleucme, or 
methionme were given by gavage to dogs, a significant decrease m the level of cer- 
tam free ammo acids m the plasma accompanied the nse m the plasma level of 
the ammo acid fed The ammo acids affected m this way varied -with the partic- 
ular one administered, however, it should be noted that m each case the plasma 
level of vahne was significantly decreased Whether these observations have 
any bearmg upon the present work is unknown 

In competitive inhibition studies usmg analogues of phenylalanme, Beerstecher 
and Shive (1946) have shown that tryptophan is highly effective m reversmg the 
toxic manifestations produced by /3-hydroxyphenylalanme and j8-2-thienylala- 
nme The results of this work mdicate that the tryptophan was transformed to 
phenylalanme and thus reversed the toxicity of the analogues 
In addition, Beerstecher and Shive (1947) have sho-wn that a very high concen- 
tration of tryptophan m a medium m comparison to the amount of phenylalanme 
present will inhibit the gro-wth of Streptococcus faecahs R as well as certam other 
organisms It was concluded m this case that tryptophan was competmg with 
phenylalanme for a site m an essential enzyme system 

In the present study it was found that a combmation of DL-phenylalanme and 
L-tyrosme prevented the growth of Streptococcus horns m the medium used 
Equal concentrations of each of these ammo acids were most effective, whereiis 
smgly they had no effect on the gro-wth of the organism Rose and Womac 
(1946) have shonm that both of the optical isomers of phenylalanme are utilize 
m the rat No attempt was made to detemune the effect of the unnatural laomer 
upon Streptococcus hovis 

A relatively small amount of tryptophan is needed to reverse the inhibition 
produced by phenylalanme and tyrosme Snell (1943) sho-n ed that Laclobaci us 
arabinosus is capable of utilizmg mdole and anthranilic acid as a substitute or 
trjptophan In the present study it was found that both indole and anthrani ic 
acid "Will effectively reverse the growth inhibition produced by phenylalanine an 
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tyrosine It would be interesting to speculate that phenylalanine and t 3 Tosine 
may prevent the growth of Streptococcus bovts by bloclang the synthesis of trypto- 
phan However, it is very difficult to visualize the necessity for both of these 
ammo acids m approximately equal concentrations to produce this effect 
Although the foregomg experiments are mcomplete and prelimmary m nature, 
they would seem to contribute, at least m small part, to the mcreasmg hterature 
on the subject of ammo acid antagomsms, which exist among both microorgan- 
isms and animals These accumulatmg data offer material for rather mterestmg 
speculations as to the mode of some of the httle-known synthetic mechamsms 
All cultures of the particular vanety of Streptococcus boms used m this study 
were identical ivith respect to these ammo acid antagomsms However, it was 
impossible to demonstrate these phenomena with the other species of streptococci 
tested, perhaps because of their more exactmg nutritional requirements It 
would therefore appear that these strains of Streptococcus boms might be valuable 
microorgamsms for the study of some of the S5Tithetic mechanisms with respect 
to the ammo acids 


SUMMARY 

Small amounts of isoleucme and larger amoimts of leucme, threonme, and nor- 
leucme inhibit the growth of certam strams of Streptococcus boms m a basal 
medium contammg one ammo acid, arginine The inhibition produced by each 
of these amm o acids can be reversed by the addition of small amounts of vahne 
and larger amounts of glutamic acid, methionme, and cystme, respectively 

Equal amounts of DL-phenylalanme and n-tyrosme inhibit the growth of the 
orgamsm, although they produce no effect when added smgly This inhibition 
can be reversed by usmg small amounts of tryptophan and larger amounts of glu- 
tamic acid or cystme 

A possible explanation of the inhibition produced by isoleucme, leucme, threo- 
nme, and norleucme is that they block the synthesis of vahne by the organism, 
whereas tyrosme and phenylalanme may block the synthesis of tryptophan and 
thus prevent the multiplication of the organism 
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A bacterial spoilage of some fertile eggs used m the cultivation of mouse mam- 
mary tumor produced an unusual reaction m the eggs’ constituents The yolks 
of these eggs were hardened, had the appearance of pmg-pong balls, were creamy 
m color, and upon standmg m a contamer would crack open mdicatmg their 
marked change m consistency Their albumen was tan m color, and it and the 
yolk had a sour, cheesy odor The orgamsm causmg these changes was found 
to be a member of the aerobic mesophilic sporeformmg group, and was identified 
as Bacillus cereus 

Since the changes brought about m the eggs by the bactenum were so unusual 
and smce the moculated eggs did not possess those odors commonly associated 
with many bactenal spoilages, it was thought to be of mterest to determme what 
substance or substances m the egg were mvolved m the chemical and physical 
alterations and also to determme whether other members of this group of organ- 
isms possessed similar powers 

EXPEEIMENTAL RESXJIiTS 

Pre limin ary tests With the sporeformer on the albumen and yolk of aseptically 
opened fresh eggs mdicated that the action that brought about the changes m the 
whole egg was centered m the yolk Since Wmton and Wmton (1937) indicate 
that water (48 8 per cent), glycerides (18 per cent), protem (16 per cent), and 
phospholipids (10 per cent) are the major mgredients m egg yolk, tests were made 
for the detection of a lipase from the organism that might be capable of acting on 
the yolk fat The tests were negative Tests made on yolk protem extracted 
from fresh eggs showed a rapid proteolysis of it by the organism, but there was no 
mdication that the physical alterations of the yolk m the moculated whole egg 
could be due to this type of action 

MacFarlane, Oaldey, and Anderson (1941), van Heynmgen (1941), and Weed, 
Mmton, and Carter (1942) worked with a lecitho-viteUm suspension m their 
study of the a-toxin of Clostndium welchti, and found that this toxm altered the 
suspension and produced a characteristic flocculation McClung, Heidennch, 
and Toabe (1946) m their work with members of the genua Clostndium suggested 
a substitute egg yolk agar medium for that used by Hasrward (1943) and Nagler 
(1945) In this medium a precipitate formed m the agar foUowmg the growth of 
some of the organisms These findmgs suggested that the phosphohpid fraction 
of the yolk might be concerned m the alterations noted m the spoiled eggs 

To determme whether the isolated organism had any action upon the phospho- 
lipid component, the McClung, Heidennch, and Toabe (1946) egg yolk medium 
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was used as the solid substrate with the substitution of 10 grams of tiyptone for 
the 40 grams of proteose peptone no 2 The lecitho-viteUin suspension of van 
Heynmgen (1941), dispensed m sterile 12-by-lOO-inm test tubes, was used as the 
hqmd medium Cells from an agar slant were used for moculation Incubation 
was at 37 C for 48 to 72 hours 

The isolated organism acted upon the lecitho-vitellm suspension to produce, at 
first, an opalescence that upon contmued mcubation became flocculent and then 
later appeared as a curd floatmg upon a clear liquid On the egg yolk medium 
there was a rapid formation of a cieamy precipitate extendmg below and out from 
the spot of moculation These two types of action mdicated that the isolate m 
its growth m the whole egg was probably decomposmg the phospholipid compo- 
nent of the yolk Smce lecithm has been reported (Wmton and Wmton, 1937) 
to be m a larger amount than cephalm m the phospholipid fraction of egg yolk, 
and smce MacFailane (1942) concluded that the a-toxm of C welcim does not 
attack either the ammo-ethanol or the serme form of cephalm, a test of the action 
of the organism on lecithm was thought to be advisable 

Lecithm was prepared accordmg to the methods of MacFarlane and Knight 
(1941) and Levene and Rolf (1927) The former method does not free the 
lecithm from cephalm and sphmgomyelin, whereas the latter does The method 
for puttmg the lecithms m suspension was that of Kmg (1931) One volume of a 
2 5 per cent alcohohc solution of a lecithm was run mto 10 volumes of hot borate 
buffer at pH 7 5 with vigorous shakmg This gave a stable emulsion 

The isolate produced an opalescence m both lecithm suspensions similar to the 
reaction m the van He 3 mmgea (1941) medium, however, there was less reaction 
m the lecithm suspensions than that normally found m the lecitho-vitellin prepa 
ration It was noted that a cell-free filtrate, secured by Seitz-filtering the liquid 
portions of eggs moculated with the isolate, acted readily upon either the egg yolk 
medium or upon the lecithm-borate suspension Figure 4 shows the action of this 
filtrate upon the lecithm-borate suspension 

When the whole egg was used as the test medium, it was thoroughly washed, 
the air sac end was treated with 1 100 HgCL, a small pore was drilled mto the 
treated area with the heated end of a metal file, and then 1 ml of a salme suspen 
sion of cells from a 24-hour-old agar slant was injected mto the yolk by means of 
a 5-ml syringe equipped with an 18-gauge needle If mches long Immediately 
after the moculation was made, the pore was closed with sterile paraflSn A con- 
trol egg was used that had received 1 ml of sterile salme Incubation was at 37 
C for 48 to 72 hours 

To determme how widespread the possession of lecithmase might be within the 
genus Bacillus, other species were tested for their ability to form a precipitate on 
the egg yolk agar medium, to form an opalescence m the lecitho-vitellm suspen- 
sion, and to harden the yolk m a whole egg Smce Srmth, Gordon, and Clar 
(1946) have proposed certam modifications m the groupmg of the aerobic mcso- 
philic sporeformmg bacteria, and particularly for the relation of Baallus rntjcoides, 
Bacillus anthracis, Bacillus praussnitzii, and Bacillus albolactis to Baallus cereus, 
cultures of these were especially noted The results of these tests are given m 
table 1 
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TABLE 1 


Reactions of some bacilli on lecithin containing media 


CULTURES USED 

HARDENING OF 
\OLk IS \raOLE 

EGG 

PRECIPITATE IN 
EGG \OLK 
\GAR 

FLOCCULATION 
IN LECITHO 
MTELLIN 
SUSPENSION 

Departmental cultures 




Isolate 

++++ 

++4- 

4"4--i- 

B ccreus 

+ + + 

+ + 

++ + 

B mycoides 

++ 

+ + 

4~ 

B sitblilis 

— 

— 

— 

B mesenlei icus 

— 

— 

— 

B ciTculans 

- 

— 


B megatheriuni 

- 

- 

- 

3 unidentified bacilli 

— 

— 

— 

X R bmith cultures 




B cereus 

++ + 

+ + 

4- 4- 

B cereus var mijcoidcs 

+ + 


-f- -j- 

B megatherium 

- 


- 

B pumilus 

- 

— 

- 

B sublilis 

— i 

— 

— 

B alvei 

— 

__ 


B circulans 

— 

— 

— 

B brevis 

- 

- 

- 

B rnaccrans 

— 

— 

- 

B polymyxa 

1 — 

— 

1 

i 

Kenneth Burdon cultures | 

1 



B cereus 

+++ 

++ 

++ 

B mycoides 

+++ 

++ 

4 

B anthracis 

+ 

+ 


B sphaencus 

- 

— 

— 

B brevis 

- 

! „ 

1 _ 

B sublilis (Marburg) 

- 


— 

B subtilis (Ford) 

- 

— 

— 

B mesentericus 

j _ 

— 

-- 

B megatherium 

— 

- 

- 

0 B Williams cultures 




B cereus 

+++ 

++ 

4-4- 

B mycoides 

++ 

++ 

4- 

B mycoides variant 

+++ 

++ 

4- 

W B Sarles cultures 




B cereus 

+++ 

4-4- 

4-4- 

B mycoides 

+++ 

+ 

-h 

B albolactis 

+++ 

4-4 — h 

4-4- 

B anthracis 

+ 

+ 


ATCC cultures 




B albolactis 

+++ 

++ 

4-4- 

B praussnitzii 

++ 

+ 

4- 
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DISCUSSION 

Possible ex-planation jo) alle) alions in egg yolk The eail 3 ^ R oik of Osboine md 
Campbell (1900) on the piotem of egg yolk shon ed that it islaigely, if not wholh 
a lecithin compound that dissolves m salt solution and behaves like a globulin' 
Sommei (1935) suggested a h3^pothesis that depended upon this lecithin-piotciii 



Fig 1 COLOMES ON LgG 1 OLK Igvr 

I, B cereiis (isolate), B, B subtilts, C, B mescnlenciis, D, B ineijathenum (Bunions 
culture) 

complex to explain the action of egg pioducts m mci easing the “whip” of icc 
cieam mixes He stated 

Lecithin Mith its gljcerol and two fatt\ acid radicals in the molecule will dissolve 
m fat, but because of the other groups in the molecule, will be held at the suffice 
of the fat globules If the lecithin is in combination with proteins, the lecithin 
protein combination will, therefore, cover the surface of the fat globules Tin 
affinitv of water for proteins is greater than for fat, such a covered f it globule w ill 
then adhere to the serum more tenaciouslv , the f it globule rejireseiits i less striom 
point of weakness m the lamellae and, therefore, better whipping results 
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Piobiblj^ the yolk of the egg with its balanced t.jstem of water, piotem, gl 3 x- 
eudes, phospholipids, etc , is not too fai iemo\ed fiom the sjsteni studied b’s 
Sommei Iheie is the piobabilitj' that the lecithimse, acting upon the lecithin 
of the lecithin-piotem ii iction of the jolk, bieaks down this bmdei and thus 
bungs about the changes in the colloidal state of the components of the 3 oik 
AYith the loss of the bindei action of the lecithm, the fat and piotein change fiom 
then dispeised state to that found iftei the isolate has giown in the egg 



Fig 2 Colonies on Egg 3 olk \g vn 

B vujcoidcs (Sarles’s culture), B B iiraiissiiiLii (\TCC culture), C, B mijcoidcs 
(Willnnis’ culture), D, B mycoidcs lariant (IViJliaius’ culture) 

In inoculated eggs 10 to 15 daj^s old theie appeal to be aieas of the j olk wheie 
thej aie not as haidened as m othei aieas This lesponse of the jolk to the 
action of lecithmase is in confoimity wath the findmgs of Jukes and Ivaj (1932), 
w ho state that the w lute j olk, m intunate contact wath the egg nucleus, is less rich 
in phospholipids, neutial fat, and protem than the jellow jolk 

Fuithei w Olk 13 undei waj to in\ estigate the lelation of this lecithmase to those 
repoited bj Eelfanti, Contaidi, and Ercob (1936) 
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Lecithinase achvily of some memhei s of the genus Bacilhis A numbci of w oi kei » 
have noted that some bacteua othei than the clostncha can act upon the egg yolk 
agai and can change the lecitho-vitelhn suspension Haywaid (1941) said tint 
in loutine tests 3 hemolytic aeiobic spoiefoimeis veie Naglei-tieated and 2 wcie 
feebly positive The same voikei (1943) found an aeiobic spoiefoimei tliatgi\e 
to Naglei plates an unneutiahzed opacity AVeed, Alinton, and Caitci (1912) 
found some common spoiefoimeis to give a positive leaction in the Iccitho-i itclliii 



Fig 3 Colonies Egg Yolk Ac vn 

A, B ceieus (isolate), B, B cercus (Smith’s culture), C, B albolacln, (tTCC LulturC, 
D, B albolactis (Sarles’s culture) 

suspension Naglei (1945) stated that a number of species of aeiobic spoicfoim- 
eis of the genus Bacillus had been tested, but none of them gave the poaib 
McClung and Toabe (1947) obtained positive lesults mth then medium (pictipi 
tation but no lustei) mth stiains of Bacillus designated as B lachcola, B Iwiufa- 
ciens, B ellenbachensis, B megatherium, B cereus, B mgcoides, md =evei d uiii 
dentihed cultuies that appealed as contaminants They found B aidhacii to l>t 
among then cultuies giving negative lesults 
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It thus ippcciis that the ictioii of aeiobic mesophihc spoiefoiramg bactena on 
egg yolk components has not gone unnoted Although the species tested in this 
Moik weie limited, theie is an indication that the possession of the enzyme lecithin- 
ase IS not widespiead among them Piobably widei sampling of authentic 
cultuies might leconcile the lepoited diffeiences in the possession of lecithmase 
b}’’ some of the membeis of this genus Smith, Goidon, and Claik (1946) have 
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Fig 4 Action of Enzuub Lecithinase on Lecithin Suspension 

A, control flask, lecithin borate suspension with he it inactivated cell free filtrite 
B, lecithin borate suspension aftei 24 hours’ incubation with cell free filtrite 

found that some of then cultuies labeled B laclicola vlien leceived weie latei 
identified as B ceieus A similai happening occuiied with cultuies labeled B 
ellenbachensis , they, too, weie B ceieus 

It IS of inteiest to note that the pioduction of lecithmase by tw o cultuies aided 
m detecting a mislabeling One cultuie designated as Bacillus sublilis and one 
designated as B niegathenum of the depaitmental cultuie collection gave a posi- 
tive test foi lecithmase activity Latei moiphological, cultural, and ph 3 'siologi- 
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cal tests showed that both oiganisms weie B ceieus, coiifiimmg the phcemcut 
oiiginall}- indicated by then possession of this enzjTOe Xo lecoid of the 1 ibelcd 
B sublibs cultme was available to show whethei it was a jS sublihs of the ^Michi- 
gan stiain, an oigamsm claimed to be B ceieus (Smith, Goidon, and Cl irk 
1946) 

The lecithinase actmty of the two cultuies of B anthiacis was feeble '\\ heie h 
the zone of piecipitation was lathei wide about the B ceieus colonj, with B 
anthiacis the zone extended but little bejond the edge of the colonj 

Smith, Goidon, and Claik (1946) have tieated in detail ceitain lelatioiislnpa 
among the aeiobic mesophihc sporeformmg bacteiia Thej’' state 

B cereus possesses quite a w ide range of characters and some of its \ anants and hio 
t^pes hac e been given names as species For instance, certain strains ferment 1 ic 
tose and hav e been called B albolaclis, B laclis, and B factico/a, others pro lute i 
vellowish-green fluorescent pigment and hav'e been called F cereus Jluorescens or 
B fluorescens (not PseudoHio/iasyZi/orescens), others produce a rhizoid growth on 
agar, and if thev do not ferment lactose thej are B mycoides, if thev do ferment it 
thev are P praussnilzii Each one of these characters ma\ be easilj lo»t during 
studies on dissociation, and the resulting cultures cannot be distinguished from 
thetvpicalB cereus The writers consider, therefore, that B cereus is a “p^ireiit” 
or “basic species ” 

Figuie 1 shows the tj’pical leaction on egg j^olk agai of a lecithinase piocliiter 
contrasted with three common nonlecithmase organisms, B sublilis, Bacillus 
mesentencus (pumilus), and B megatherium Figure 2 shows that the enztnie 
was produced bj’’ the rhizoid lactose-fermentmg B praussmtzii and the rhizoid 
non-lactose-fermentmg 5 mycoides This figuie also shows that the nonrhizoid 
dissociant of B mycoides possessed the enzjune These last two cultures were 
fiom the cultme collection of the late I Lewus Figuie 3 indicates that the 
lactose-fermentmg B albolactis and the non-lactose-fermenting B ceieus had the 
same lelation to each othei m legaid to lecithinase as did the ihizoid pair diowii 
in figuie 2 

It IS felt that the conclusions diawm bj Smith, Goidon, and Claik (1940) if 
garding these organisms and then ovei-all relation to B ceieus can he augmented 
bj"^ the finding that there is a common possession of lecithinase bj all of them, a 
propel tj which does not seem to be possessed outside this group in the gtmia 
Bacillus 
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The possession of this e\tracellular enzyme by this group of sporeformers is an- 
other fact emphasizmg their inherent relationship Other members of the genus 
that were tested did not produce lecithmase 
It IS suggested that the action of lecithmase upon the lecithm fraction of the 
egg yolk is to destroy its bmder action, and the loss of this property causes a 
marked modification m the colloidal state of the constituents of the egg 
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The possibihty of transfonmng a specific type of pneumococcus mto another 
type has been recogmzed smce 1928 when Griffith first described this phenome- 
non He succeeded m transfonmng, tn vivo, an attenuated and nonencapsulated 
variant mto a virulent encapsulated stram of a heterologous specific type 
Dawson and Sia (1931) were able to transform pneumococcus types zn mtro 
They used growmg R cells m a medium contaimng anti-R serum and heat-kiUed 
encapsulated cells of another type Later Alloway (1932, 1933) was able to 
obtain specific conversion of pneumococci by the use of filtered crude extracts of 
S cells Berry and Dednck (1936) converted the virus of rabbit fibroma mto that 
of infectious myxoma m an experiment analagous to that used m pneumococcus 
transformation Except for these two specific mstances there appears to have 
been no mention m the hterature of attempts at transforming other microorgan- 
isms usmg specific extracts 

Durmg the past few years attempts have been made to isolate and identify 
the tranrformmg substance The results of this work mdicate that the sub- 
stance has the characteristics of a desoxyribonucleic acid (Avery, MacLeod, and 
McCarty, 1944, McCarty, 1946, McCarty and Avery, 1946) 

The present study deals with an attempt to mduce transformation of a white 
Staphylococcus aureus mto a chromogemc type There are no reports of this 
transformation havmg been mduced experimentally by a chemically defined sub- 
stance However, Pinner and Voldich (1932) do report the reversion of Staphy- 
lococcus alhus mto jS aureus by growth of the organism m antialbus serum 
Nutim and Lynch (1946) were able to mduce a stram of iS aureus to lose its abihty 
to produce pigment, and durmg two and one-half years of observation it did not 
revert to the origmal orange growth 

EXPERIMENTAL PROCBPIJRES 

Staphylococcus aureus ATC 6538 was chosen as the source material for any pos- 
sible transfomimg substance smce it is a highly chromogemc organism S 
aureus Smith was used as the test organism for conversion , it was nonchromogemc 
and decidedly mucoid m colony form, and vaned m biochemical reactions from 
the 6538 stram The Smith stram has been observed over a period of 10 months 

^ After this iiork was completed an article appeared in the Bull acad med , 131, 39, 
1947, by Boivin, Vendrely, and Tulasne, in which the authors stated that they were able to' 
bring about a “directed mutation” of a coliform strain from one antigenic and fermentative 
type to another by growth in the presence of desoxyribonucleic acid derived from a stram 
possessmg the new characters Material from the smooth form only was effective 
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With no visible evidence of chromogenesis Tests for chromogenic colotiiet> uero 
made on plates of yeast extract agar and on plates of Chapman-Stone medium 
(1946) Serial passage was made through 10 miCBj but again there was no change 
m the color of colomes 

Development of chromogemcity by the colonies of a test orgamsm was accepted 
as possible evidence of conversion This conclusion was based on the fact that 
there seems to be no report m the hterature of a white Staphylococcus spontane- 
ously becoming chromogenic in miro 

The test orgamsms were checked for colony type, ability to liquefy gelatin, to 
ferment certam sugars, and to produce coagulase Reactions m litmus milk 
were also observed (table 1) 

The reqmrements for transformation bemg unknown, certain cultural condi- 
tions suggested by Avery, MacLeod, and McCarty (1944) in them work with 
pneumococcus transformation were accepted These conditions were found nec- 
essary for the conversion of pneumococcal types in mtro The components m- 
cluded m the transformation test will be described m the following order (1) infu- 
sion broth, (2) serum, (3) stram of test orgamsm, and (4) method of preparing 
the staphylococcal extract 


TABLE 1 

Cultural reactions of the test orgamsms 





CCtATlN 


PEIMENTAnON 

urjcs vn-t 


OS.GA2nSU 1 

PICUENX 

LlQXn^ 

PACTION 

COACrLASE 

Lactose 

Maomtol 

s 

aureus Smith 

Grayish white 

+ 

+ 

— 

+ 

Peptonized 

s 

aureus 6538 

Golden 

+ 

+ 

-f 

4” 

Acid 

1 


Infusion broth Difco beef heart infusion broth, adjusted to an mitial pH of 
7 2 to 7 4, was used as the basic medium The broth was first adsorbed with 
charcoal accordmg to the method described by MacLeod and Mirick (1942) before 
bemg autoclaved m 250-ml quantities This procedure, origmally mitiated for 
the removal of sulfonamide inhibitors, has been reported by Avery, MacLeod, 
and McCarty (1944) as ehmmatmg to a large extent unpredictable variations m 
mdividual lots of broth 

Serum Beef serum, filtered through a Mandler filter, was used routinely m 
conjunction with the infusion broth The proportions of serum to broth were 
1 to 3, and this mixture was used for mamtauung the stock cultures as well as for 
testmg for transfonmng activity In order to destroy any enzyme that ^'1= ^ 
interfere with a transfonmng prmciple the serum was heated to 60 C for 
mmutes 

Test orgamsms The organisms used m testing for transformation w'cre grown 
m two senes, one m senim broth and the other m plain adsorbed mfusion brot , 
senal transfers were made daily The Smith stram of Staphylococcus aureus 
showed colomes that were round, raised, opaque, glistenmg, and so mucoid t la 
colomes touched with an mocu’atirg needle would lift off the agar surface m one 
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mass or pull out m long mucoid threads On yeast extract agar these colomes 
were an off white m color Sometimes a few dissociant colomes were found on a 
plate These, however, were not so opaque nor did they have the characteristic 
mucoid quality 

S aureus 6538, the organism from which extracts were made, showed an mtense 
orange ehromogenesis on Chapman-Stone medium, the color was not qmte so m- 
tense on yeast extract agar The colonies were round, raised, and shmy, with an 
entue margm 

Method of ■preparing extract A 48-hour chromogemc slant of S aureus 6538 
was washed off with broth and this broth suspension used to moculate Blake 
bottles Yeast extract agar was used as the base medium The Blake bottles 
were mcubated for penods varymg from 18 to 24 hours and accepted for further 
treatment if there was visible evidence of chromogenesis on the slant Growth 
on each slant was then washed off m 10 ml of a solution contaming 01 m sodium 
chloride and 01 m sodium citrate McCarty and Avery (1946) used this solution 
to mactivate desoxyribonuclease that had been released with the breakdown of 
the pneumococcus cell 

Some method had to be devised for rupturmg the staphylococcal cells without 
mactivatmg any transformmg principle that might be present Chemical 
agents were tried and seemed to be of slight, if any, value m lysmg heavy suspen- 
sions of staphylococci The mechanical method of rapid freezmg and thawmg 
was used 

The citrate-sahne suspension of organisms was dispensed m sterile test tubes, 
approximately 6 ml were m each tube The freezmg bath consisted of a beaker, 
the outside of which was insulated with nonabsorbent cotton Sufficient amyl 
alcohol, to more than cover the tube contaimng the bacterial suspension, was 
added to the beaker, and pieces of sohd CO 2 were placed m the alcohol to hold 
the temperature well below freezmg The tubes of bactenal suspension were im- 
mersed m the freezmg bath until frozen solid, removed, and placed m warm water 
to thaw, then frozen agam This procedure was repeated over a penod of 2 
hours At the end of this time gram stains still revealed an abundance of mtact 
gram-positive organisms Subculturmg also mdicated that many viable organ- 
isms remamed The treated salme-citrate suspension was then deproteimzed by 
a shght modification of the method of Sevag, Lackman, and SmoUens (1938) 
Approximately 5 ml of a chloroform-amyl-alcohol mixture (4 ml chloroform to 1 
ml amyl alcohol) were added to each 10 ml of bacterial suspension The whole 
was then shaken m a Kahn shaker for 30 mmutes, centrifugated for 20 mmutes, 
and the chloroform emulsion removed The supernatant was agam extracted 
with chloroform-amyl-alcohol, and both fractions were pooled m a separatory 
funnel The addition of 2 volumes of alcohol to the extract resulted m floccula- 
tion of a fair amount of white matenal Citrated salme was then added to the 
alcohol extract and the whole was well shaken The funnel was placed m the 
refngerator and left there overnight to permit separation of the two phases The 
salme extract, which was decanted the followmg mommg, was famtly cloudy, 
with cloudmess mcreasmg slightly m density as the solution attamed room tem- 
perature It IS this extract that was used m testmg for transfor min g activity 
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Quahtative chemical tests The saline extracts gave negative biuret, Millon, 
and xanthoproteic tests Benedict’s test for reducing sugars was also negative 
The orcmol test (Bial) for pentoses was faintly positive 
Determination of biological activity In an attempt to obtain optimum propor- 
tions, varymg quantities of sahne extract were added to a senes of tubes each 
contammg the same amount of serum broth Each tube m a series was mocu- 
lated with a loopful of an 18- to 24-hour broth culture of the test organism The 
tubes were mcubated at 37 C for 24 hours At the end of 24 hours a streak plate, 
on yeast extract agar, was made from each dilution A loopful of each dilution 
culture was transferred to another tube contammg the same quantity of extract 
With each determmation this procedure was repeated for 5 days m senes Con- 
trol plates of the test orgamsm grown m serum bioth were made each day The 

TABLE 2 


Serial transfer of test organism in dilutions of extract 


TUBE NO 

EXTRACT 

APPaOXntATE PERCENTAGE OF CHROJJOCENIC COtONtES PER PLATE 

1st day 

2nd day 

3rd day 

4tliday 

Sthdiy 


ml 






1 

0 05 



— 

— 
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_ 

2 

0 15 

— 


— 

1 

3 

3 

0 25 

5 

3 

1 

— 

3 

4 

0 35 

— 

— 

— 

30 

40 

1 

0 IS 

— 

— 

70 

— 

— 

2 

0 20 

— 

— 

— 


— 

3 

0 25 



— 

20 

50 

— 

4 

0 30 

— 

— 

40 

— 


1 

0 15 

— 

— 

— 

— 

— 

2 

0 20 

— 

— 

— 

— 

— 

3 

0 25 

— 

— 

— 

— 

— 

4 

0 30 

— 

— 

— 

— 

— 

1 

0 17 

— 

— 

— 



— 

2 

0 25 
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— 

— 

— 

— 

3 

0 32 

— 

— 

50 

70 

60 

4 

0 40 

— 

— 

— 




— = no pigmented colonies seen on the plate 


plates were grown at 37 C for 48 hours, exammed for chromogenic colonies, and 
then kept at room temperature for 2 weeks before being discarded as negative 
A stock slant of yeast extract agar was made of any suspected colony, and further 
studies were made with this stock stram 

HESULTS 

Pigmented colomes were obtamed by groivmg the white Staphylococcus aureus 
Smith m extracts prepared from the highly chromogemc 6538 strain of S aureus 
Transformation was sporadic and did not occur in all cases In some senes no 
chromogemc colonies developed, m others pigmented colonics were found on 
plates made from moculated extract dilutions of the first to the fifth day m 
results m table 2 are from experiments selected for illustration 
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Whether the stock culture, used to inoculate extract dilutions, was grown in 
serum broth or m plam adsorbed broth seemed to have little effect on the results 
In many cases colomes did not show pigmentation until there had been a penod 
of mcuoation at lOom temperature A few of the chromogemc colomes were 
round and smooth, differing from the control colomes only m color The major- 
ity of colomes showed an undulatmg margm that was more highly pigmented 
than the body of the colony Frequently small chromogemc outbursts seemed 
to develop from a cream parent colony, and transfers made from this margm grew 
as round pigmented colomes In no instance was chromogenesis so mtense m the 
new strains as it was m control plates of S aureus 6538, this fact was particularly 
evident on plates of Chapman-Stone medium The new abihty to produce pig- 

T4BLE 3 


Cultural reactions of the isolated strains 


STBAIN 

AlfOtTNT OP 
PIC-CE I 

GELATIN 

LIQUE 

PACTION 

COAGtnjVSE 

PEEilENTATIOS 

LIIIITTS utlt: 

Glucose 

lactose 

Mannitol 

Smith 

— 

+ 

4- 

+ 

_ 

+ 

Peptonized 

6538 

-i — 1 — 1 — t* 
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+ 

4 . 

4- 

4- 

Acid 

534 

4* 4- 

4” 

4- 

+ 

- 

4 - 

Peptonized 

755 

4 - 4 , 

4" 

4* 

+ 


-f- 


1123 

4" 

— 

— 

+ 


+ 

No reaction 

1334 

+ 

- 

- 

+ 

— 

+ 

it if 

1345 

+ 

+ 

+ 

+ 

- 

+ 

Peptonized 

1355 

++ 

+ 

+ 

+ 

— 

+ 

<C 

1353 

+ 

+ 

+ 

+ 

— 

+ 

(( 

1822 

+ 

+ 

+ 

+ 
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- 

+ 

it 

1833 

+ 

+ 

+ 

+ 

— 
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1834 

++ 

-J- 

+ 

+ 

— 

+ 

It 

1843 

4-4- 

+ 

+ 

+ 

— 

+ 

tt 

1853 

++ 

+ 

+ 

+ 

— 

+ 

ti 

1854 

4-4- 

+ 

+ 

+ 
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+ 
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ment proved, on ordmary senal transfer, to be unstable, many of the daughter 
colomes revertmg to the ongmal Snuth type 
In studies of the newly isolated pigmented strains the colon}’’ type resembled 
those of the Smith organism There was no variation m sugar reactions Fer- 
mentation of glucose and manmtol was positive, and of lactose negative Gelatm 
was hquefied and coagulase was produced by all but two of the least pigmented 
strains (table 3) 


CONCLUSIONS 

It has been found possible to stimulate or imtiate chromogenesis m a nonchro- 
mogemc Staphylococcus by gro-wmg it m extracts of a pigmented stram of the same 
species This fact suggests that there might be a transfor min g prmciple m the 
extracts analogous, but not identical, to the transfonmng prmciple used to con- 
vert R pneumococci mto specific types The extracts used m either case seem 
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to have similar chemical pi operties Both give negative protem tests and weakly 
positive tests for pentose (Bial) 

A very small quantity of the tiansfonmng substance is capable of mitiating j, 
reaction There is no explanation for the fact that some ceUs of the test organ- 
ism are refractory to stunulation whereas others aie not 


SUMMARY 

An extract has been prepared from Staphylococcus aureus 6538, a highly chro- 
mogemc orgamsm, which has the potentiahty of mducmg oi stimulating chromo- 
genesis m colomes of a white stram of the same species 
The extract prepared gives negative Millon, xanthoproteic, and Benedict tests, 
and a shghtly positive test for pentose (Bial) 

The newly isolated chromogemc organisms retain the biochemical properties of 
the parent culture, differmg only m pigment production 
The mtensity of pigment production is not so great m the new strains as in the 
stram from which the extract was prepared nor does it seem to be lastmg 
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Studies of staphylococci have centered largely around attempts to establish 
simple laboratory tests that could be used as cntena for the differentiation of 
pathogemc from nonpathogemc strains The term “pathogemc,” when apphed 
to staphylococci, mcludes any stram capable, under optimum conditions, of caus- 
mg an infection or causmg a food poisonmg 

The best mdicator of pathogemc potentiahty has been the abihty to coagulate 
oxalated or citrated blood plasma Other characteristics of some importance axe 
the fermentation of manmtol, orange pigmentation, and the ability to grow m the 
presence of 7 5 per cent sodium chlonde However, a number of apparently non- 
pathogemc staphylococci (coagulase-negative) are positive on some of the latter 
tests 

Evans (1947) has suggested that the anaerobic fermentation of manmtol may 
be of value for such studies The mtroduction of media contammg 7 5 per cent 
sodium chlonde by Chapman (1945, 1946o, 1946b) has greatly simplified selective 
platmg for staphylococci The high salt concentration greatly enhances pigment 
production by the orange strains, and it inhibits most contammants with the 
exception of some sporeformmg bacilh 

Nutritional studies of staphylococci have been confined largely to studies on 
known or supposed pathogens, although m some cases pathogemcity was either 
not mentioned or not adequately established Knight (1937) showed that thia- 
mme and mcotimc acid were essential for Siaphylococcus aureits Porter and 
Pelczar (1941) found two mucoid, orange strains from chmcal sources that re- 
quired biotm Sevag and Green (1944) reported two strains of “toxigemc” 
staphylococci that required pantothemc acid m the absence of tryptophan, and 
Vilter and Spies (1940) noted that pyndoxme stimulated growth of a white 
Staphylococcus 

In the present work an attempt has been made to correlate vanous physiologi- 
cal tests and the nutntional requirements of a collection of staphylococci The 
coagulase test has been used as the criterion of pathogemcity The 19 coagulase- 
positive strains were from chmcal infections, food poisonmgs, and frozen foods 
The 66 coagulase-negative strams were all from frozen foods 

PHYSIOLOGICAL STUDIES 

Methods All cultures were carried m beef infusion broth at 35 C All mocu- 
lations were made from approximately 24-hour cultures In critical tests, such 
as the coagulase test and manmtol fermentation, the cultures ivere transferred 

‘ This work was supported m part by a Navy Research Grant to the School of Nutrition, 
Cornell University 
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daily for at least 5 days pnor to inoculation of the test media This was particu- 
larly important for old stock cultures 

Difco coagulase plasma was used for the coagulase test A suspension of 0 5 g 
of the dned plasma was prepared m 15 ml of distilled water To 0 5 ml of this 
suspension, m a small tube, were added 2 drops of a 24-hour culture from beef 
infusion broth The tube was shaken to mix the culture and plasma and then 
placed m an mcubator at 35 C Any degree of coagulation withm 24 hours nas 
considered positive 

Manmtol fermentation was tested on a medium contammg 0 3 per cent beef 
extract, 0 5 per cent tryptone, 0 5 per cent mannitol, and 0 004 per cent bromcre- 
sol purple For anaerobic fermentation tests, the medium was heated in flomng 
steam for 15 mmutes to dnve out dissolved air, and cooled immediately before 
moculation FoUowmg moculation, each tube was sealed with melted “vaspar ” 
Tubes were mcubated at 30 C for 10 days Daily observations were made for 
changes m the color of the bromcresol purple Fmal pH was determmed using a 
Beckman potentiometer The fermentation of glucose, lactose, sucrose, and 
glycerol was tested m the same manner 

Pigmentation was determmed by moculatmg cultures on beef infusion agar 
slopes and on slopes of Chapman’s medium no 110 (Chapman, 1946o) For 
cultures that would grow m the presence of 7 5 per cent NaCl, medium no 110 
gave much stronger pigmentation and showed pigment with some cultures that 
were white on the beef infusion agar slopes 

Stone’s extract gelatm agar was moculated, mcubated for 48 hours at 35 C, and 
tested m the usual manner Nutnent gelatm contained 0 3 per cent beef extract, 

0 5 per cent tryptone, and 4 0 per cent gelatm It was moculated with 1 drop of 
culture, mcubated for 10 days at 30 C, and placed m an ice water bath until a con- 
trol tube was thoroughly solidified 

The phenol red manmtol salt agar was a Difco dehydrated medium contammg 
7 5 per cent salt, foUowmg the suggestion of Chapman (1945) Cultures i\ere 
streaked on it, and any yellow zone appearing withm 48 hours at 35 C was con- 
sidered positive The bromcresol purple manmtol salt agar contamed 0 3 per 
cent beef extract, 0 5 per cent tryptone, 7 5 per cent NaCl, 1 0 per cent manmtol, 

1 5 per cent agar, and 0 004 per cent bromcresol purple Cultures were tested by 
the method used with the phenol red medium 

Results The results of the physiological tests are summanzed in table 1 
The abihty to ferment maimitol under anaerobic conditions (Evans, 1947) uas 
possessed by all the coagulase-positive strams, and by only ^f .t^ 47 coaguli^e- 
pegative strains that fermented ma nnito l _under_the_ordmaiyj;onditions These 
two strams (S-36~and S^37)^ere isolated from the same plate and uere identical 
m all tests, hence were probably duphcates They produced an orange pigment, 
but differed m many other respects from the coagulase-positive cultures They 
were negative on the Stone test, failed to grow m the presence of 7 5 per cent salt, 
and required added thiamme, mcotmic acid, biotin, p 3 Tidoxme, and pantothenic 
acid 

As noted previously (Evans, 1947), the coagulase-positive strams tenaecl o 
produce only a small amoimt of acid when grown on the surface of manmtol agar 
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containing 7 5 per cent NaCl With bromcresol purple as the indicator, the 
coagulase-positive strains produced very httle or no yellow zone This may be 


TABLE 1 

Sumviary of physiological tests 



raa CENT POSITIVE 


Coagulase + 

Coagulase — 


ManDitol-h 

Manmtol— 

Mannitol fermentation 




Aerobic 

100 


0 

Anaerobic 

100 

mm 

0 

Pigmentation 




Orange 

89 

17 

16 

Cream 

11 

9 

0 

Yellow 

0 

0 

16 

Gelatin reactions 




Stone’s gelatin 

89 

6 

68 

Nutrient gelatin 

79 

15 

74 

P R manmtol salt agar 

100 

96 

0 

B C P manmtol salt agar 

0 

85 

0 

Glucose fermentation 




Aerobic 

100 

100 

95 

Anaerobic* 

100 

90 

86 

Lactose fermentation 

100 

64 

42 

Sucrose fermentation 

100 

98 

74 

Glycerol fermentationt 




Aerobic 

100 

100 

— 

Anaerobic 

0 

0 

— 

Litmus milk reactions 




Acid production 

89 

19 

32 

Acid curd 

68 

2 

32 

Proteolysis 

0 

4 

16 


* Only 39 strains were tested (11 coagulase-positive, 21 coagulase-negative, mannitol- 
positive, and 7 coagulase-negative, mannitol-negative) 

t Only 18 strains were tested (11 coagulase-positive, and 7 coagulase-negative, mannitol- 
positive) 


due to a more efficient aerobic respiration mechamsm, or a greater Pasteur effect 
When the 7 5 per cent NaCl was omitted from the medium, more acid was pro- 
duced and was mdicated by bromcresol purple 
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netrittonal studies 

Methods Vit amin requirements were determined by omittmg the vitamins 
one at a time from a complete medium composed of the basal medium and the 
seven B vit amin s given m table 2 Enough medium was prepared m one batch 
to allow for a serial transfer after 24 hours The medium, which was not used 
for 24 hours, was steamed for 15 mmutes and cooled before moculation ^U1 
tubes were mcubated at 30 C The amount of growth was detemuned by meas- 
urmg turbidity with an Evelyn t 5 q)e colorimeter designed for use as a densitome- 
ter The circmts were so arranged that complete hght transmission (through a 

TABLE 2 


Medium for nutritional studies 


BASAL laiBimt 

WZICHT PEE 100 UL OP UEOIUE 


mi 

Casern hydrolysate 

50 

DL-Tryptophan 

1 

n-Cystine 

1 

Glucose 

100 

KjHPOi 

40 

Salts 


MgSO* 7HjO 

2 

XaCl 

0 10 

FeSo, 7HiO 

0 10 

ilnSOi 4HjO 

0 10 

Ademne SOj 

0 05 

Guanme HCl 

0 05 

Uracil 

0 05 

Xanthine 

0 05 

VHAittS SOLUTIONS 


Thiamine HCl 

0 01 mg 

Xicotmic acid 

0 05 “ 

Biotm 

0 01 /ig 

Riboflavin 

0 01 mg 

Pyndoxine HCl 

0 01 “ 

Pantothemc acid (Ca) 

0 01 ‘ 

Folic acid 

0 10 /Jg 


16 0-mm tube of distilled water) gave a readmg of zero, and no hght transmission 
gave a readmg of 100 on the galvanometer Permanently mstalled m the mstru- 
ment was a red filter transmittmg a band of hght that centered at about 660 A 
With bactenal cultures, readmgs from 20 to 90 were approximately Imear 
Tubes readmg below 10 generaUy showed no turbidity to the naked eye, and 
tubes of sterile media generally gave readmgs around 5 The stock so utions 
were assayed for any contammatmg vitamins usmg streptococci of known vita- 
mm requirements 

Results The complete vitamm requirements were detemuned for -lU str 





TABLE 3 

Vitamin requirements 



COAGULASE- 

POSITIVE 

COACULASE NEGATIVE 

Manmtol+ 

Mannitol — 

Strains tested 

19 


3 

Require thiamine 

19 


2 

“ nicotinic acid 

19 


3 

“ biotin 

0 


3t 

“ riboflavin 

0 


0 

“ pyridoxine 

0 

2t 

0 

“ pantothenic acid 

0 

6 

1 

“ folic acid 

0 

0 

0 


* Three strains grew to about half-ma'cimum without thiamine 
t These were the same two strains that fermented mannitol anaerobically 
t Two strains grew to about half -maximum without biotin 


TABLE 4 
Biotin requirement 


DENSITOUETEB SEADmCS 


STRAIN 

Complete medium 

1 Minus biotin 










1 ist transfer 

1 2nd 

1 1 st 

I 2nd 


24 hr 

4S 

24 

48 

24 

48 

24 

4S 

Coagulase -1- 









S-1 

60 

63 

64 

68 


42 

26 

61 

S-6 

72 

80 

63 

75 


77 

53 

73 

S-14 

66 

68 

68 

70 

40 

67 

30 

61 

209 

67 

72 

66 

70 

51 

56 

44 

56 

64 

47 

52 

27 

53 

26 

37 

24 

50 

99 

53 

68 

60 

69 

27 

55 

37 

58 

161 

37 

55 

36 

56 

17 

45 

23 

43 

177 

56 

62 

58 

64 

27 

52 

40 

52 

185 

48 

58 

56 

67 

33 

57 

47 

56 

197 

33 

54 

47 

59 

20 

45 

30 

SO 

Coagulase — 









Mannitol -h 









75 

56 

72 

56 

69 

15 

27 

6 

4 

S-18 

55 

61 

54 

64 

6 

16 

9 

5 

S-19 

36 

61 

38 

64 

10 

29 

9 

19 

S 37 

31 

I 63 

10 

65 

3 

10 

5 

7 

13-12 

30 

61 

55 

61 

8 

15 

10 

14 

13-20 

59 

75 

54 

71 

8 

9 

6 

4 

15-1 

52 

55 

50 

58 

10 

15 


4 

Coagulase — 







■ 


Mannitol — 







■ 


8-10 

6 

48 

9 

50 

6 

6 


6 

20-1 

32 

71 

54 

72 

8 

45 

D 

36 

22-7 

26 

76 

43 

78 

7 

38 

M 

23 


The complete medium contained the usual base plus the 7 vitamins The other medium 
was identical except for biotin 
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The results are summarized m table 3 It \vill be noted that the ability to grow 
well m the absence of added biotm was limited to the coagulase-positive strains 
An additional expernnent covering the biotm requnement of the 19 coagulase- 
positive strams and 29 of the coagulase-negative strams gave essentially the same 
results Turbidity leadings for 20 of these cultures are given m table 4 The 
cultures for which data are not given gave very similar leadings Biotm 
exerted a mild stimulatory effect on some of the coagulase-positive strams, par- 
ticularly m the first 24 hours of growth Also, some of the coagulase-negative 
strams were able to grow slightly without added biotm, but a wide difference m 
growth response between the two groups is still obvious This was even more 
stnkmg when the strams unable to ferment mannitol were elmunated Smce 
Porter and Pelczar (1941) did not give any physiological data on their two strams 

TABLE 5 


Effect of oimsstons from the basal medium 



COMPLETE 

MINOS 

TRYPTOPH-U. 

C\iXINE 

MINUS PUSLVCS 
AND 

pysmxDiK£3 

Coagulase -J- 





209 

69 

68 

34 

61 

64 

58 

53 

28 

52 

99 

71 

68 

31 

68 

S-6 

79 

75 

60 

74 

S-14 

69 

68 

36 

69 

177 

75 

61 

35 

65 

197 

61 

61 

32 

43 

Coagulase — 





75 

69 

67 

65 

67 

S-18 

58 

59 

52 

53 

13-20 

73 

36 

56 

68 


Densitometer readings of 10 mannitol-fermenting strains (second transfer, 48 hours) 
showing the effect of omitting components from a complete medium (basal plus thiamine, 
nicotinic acid, and biotm) 


which required biotm, it is possible that they may have been coagulase-negative 
The effect of omittmg some components of the basal medium is shown m table 
5 There was no appreciable effect when tryptophan was omitted except on one 
coagulase-negative stram, which achieved only about half-maximum growth 
Cystme appeared to be definitely stunulatory to the coagulase-positive strams, 
under the conditions used The omission of adenme, guamne, uracil, and xan- 
thme had httle or no effect on the growth of the 10 strams tested All of this 
would be expected m view of the work of Surgalla and Hite (1946) and Surgalla 
(1947), who grew enter otoxic strams m a medium contammg only argmme, 
cystme, glucose, salts, mcotmic acid, and thiamme 

DISCUSSION 

Although the strams mcluded m this study are admittedly few in number, the 
results mdicate that the staphylococci that give a positive coaguJase reaction 
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comprise a rather homogenous group They ferment manmtol, tend to produce 
pigment, generally give a positive Stone reaction, ferment glucose, lactose, su- 
crose, and glycerol, and require added thiamine and mcotimc acid All of the 
foregomg characteristics have been emphasized by previous investigators, but 
there are many coagulase-negative strams havmg several oi all of these character- 
istics They may be separated, however, by the ability of the coagulase-positive 
strams to ferment mannitol under anaerobic conditions and to grow m a synthetic 
medium devoid of biotm These results appear to be contradictory to those of 
Colwell (1939), who reported 23 orange-pigmented strams from climcal sources 
to be unable to ferment manmtol anaerobically However, the coagulase test 
was not run on those cultures and their pathogemcity was not clearly established 
Also, it should be pomted out that active cultures are essential to this test, and 
stock cultures should be serially transferred for several days before testmg 
The pantothenic acid requirement of 7 coagulase-negative strams was shown 
m the presence of tryptophan No attempt was made m the present work to 
establish a pantothenic acid requirement m the absence of tryptophan, as was 
demonstrated by Sevag and Green (1944) However, m the experiment reported 
m table 5, when tryptophan was onaitted from a medium that contamed no pan- 
tothemc acid, only one culture (coagulase-negative) showed any significant 
decrease m growth Other tests had shown this batch of casern hydiolyzate 
to be free of tryptophan 

The reqmrement for pyndoxme shown by strams S-36 and S-37 was umque 
among the cultures studied Vilter and Spies (1940) reported that pyndoxme 
was stimulatory for one stram of Staphylococcus albus, but the present report 
seems to be the first record of pyndoxme bemg essential for a Staphylococcus 
The phenol red manmtol salt agar (Chapman, 1945) proved to be a satisfactory 
selective platmg medium, although it was observed that some sporeformmg bacilh 
were able to grow on this medium when it was used for checkmg frozen foods 
Also, a number of coagulase-negative staphylococci grew on the medium and pro- 
duced acid No experiments have been directed toward mcubatmg these plates 
under anaerobic conditions, although this techmque might prove to be supenor 
for both differential and selective purposes 

SUMMARY 

" ^e 19 c oagulase-positive staphylococci stu died comnnsed a rather homoge- 
nous group 'xney could be separated irom th e 66 c oagulase-negative strams 
studied by their ability to ferment manmtol under anaerobic conditions, and their 
abihty to grow m a synthetic medium devoid of biotm 
Among the coagulase-negative staphylococci, 6 strams were found to require 
pantothenic acid and 2 required pyndoxme These requirements appear to be 
unique among the staphylococci thus far reported 
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The pemciUm inhibitor or penicillinase produced by certain strains of Staphy- 
lococcus has been the subject of experimentation m a number of laboratones 
There is general agreement that the enzyme is present m many but not aU strains 
of Staphylococcus, and it has also been held to be responsible for the “natural” re- 
sistance of some strains to the action of pemcilhn In some studies charactens- 
tics have been attributed to the enzyme that are very difficult to explam m terms 
of the body of knowledge of enzyme chemistry 
The demonstration of pemcilhnase did not long follow the beg innin g of mten- 
sive work on the antibiotic itself Abraham and Cham (1940) were probably the 
first to call attention to its presence, and Harper m 1943 described a practicable 
method for its demonstration ivithm the cells of bacteria His method, of acetone 
and ether treatment of whole bactenal cells, has been used by aU subsequent m- 
vestigators In their first studies, Bondi and Dietz (1944a, 6) failed to fimd the 
enzyme m Staphylococcus Later (1945), examining more strams, they demon- 
strated its presence m 14 per cent of them They record the enzyme as present 
or absent, and find it mvariably present m strams requirmg more than 1 umt per 
ml of pemciUm for inhi bition Kirby (1945) m a bnef note stated that he had 
found pemcilhnase, usmg Harper’s method, m 7 resistant strains, but not m 7 
sensitive strains of Staphylococcus Later 5 of the resistant, penicilhnase-produc- 
mg strains were studied m detail The enzyme was assayed by addmg the 
pemcilhnase, pemciUm, and a culture of viable penicillm-sensitive orgamsms 
to nutrient broth The growth of the mdicatmg bactena was foUowed turbidi- 
metncaUy On the basis of such assays, it was stated that the rate of action of 
the enzyme appeared to be mdependent of temperature between 2 and 37 C 
Spink and Ferns (1945) reported after a prehmmary study of 8 strams that 
organisms that acquired pemcilhn resistance m mvo produced pemciUmase, 
whereas those whose resistance was mduced m the laboratory did not Later 
(1947), m an exhaustive study, these results were confirmed The method of 
assay used by these workers consisted of addmg 0 001, 0 01, or 0 1 mg of pem- 
cilhnase to tubes of broth contairung vanous quantities of pemcilhn An mocu- 
lum of a pemciUm-sensitive staphylococcus was then added, and the tubes were 
mcubated for 48 hours The destruction of pemcdlm was mdicated by the 
development of turbidity after mcubation By this method they were able to 
demonstrate that the destruction of pemciUm by pemciUmase did proceed with 
tune, but they were able to show only a rough correlation between the mactiva- 
tion of pemciUm and the concentration of pemcilhnase, a result that was at- 

^ With the technical assistance of Helen Ferguson 
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tnbuted to the impunty of the preparation A correlation between the potency 
of the penicillinase formed and the resistance to penicillin exhibited by a given 
stram was also demonstrated m this way Although the correlation was rather 
rough, the authors attribute this to the use of crude material, and conclude that 
the magmtude of the resistanc%*to pemcilhn manifested by permanently re- 
sistant strains is quantitatively related to the potency of the pemcilhnase pro- 
duced by the stram 

Because of the importance of the subject from both practical and theoretical 
aspects, the problem was remvestigated usmg exact methods It was planned 
to develop a precise method of assay of the matenal, and to appl 3 ’' this to the 
study of a number of strains Both of these objects have been accomplished 

METHODS AND MATERIALS 

Strains of Staphylococcus The staphylococcal strains used m these experi- 
ments were isolated from chmcal matenal m the routme diagnostic laboratory 
of the Lakeside Hospital, and have been the subject of previous studies Tol- 
lowmg isolation they have had a few transfers on artificial media and have been 
preserved by desiccation from the frozen state 

Tests of pemalhn resistance For determinmg resistance to pemciUm, 
standard practice has been followed m preparmg senal twofold dilutions of a 
pemcilhn solution m tryptose broth, moculatmg each tube with the organism 
bemg tested, and mcubatmg for 18 hours At the end of that time each tube is 
inspected for macroscopic evidence of bactenal growth, and the lowest concentra- 
tion of pemcilhn that causes complete inhibition of visible bactenal growth is 
recorded as the “inhibitmg concentration ” These tests have been done m 
duphcate, usmg “small” and “large” mocula The small moculiun consists 
of 0 5 ml of a ICt^ dilution of an 18-hour culture m tryptose broth (about 10* “ 
viable cells) and the large moculum of 0 5 ml of a 10"* dilution The final volume 
of the test was 1 0 ml Resistance to pemciUm as measured by using a “small" 
moculum is designated R6, with the “large” moculum R2 
Index of penicillin resistance In an earher study (Parker, 1946) it was desired 
to have a simple method of designatmg the ratio between the R6 and R2 results 
The “mdex of pemcilhn resistance” is the difference expressed as the number of 
twofold dilutions between the R6 and R2 results 

Culture medium Tiyptose broth and tryptose agar have been used as culture 
media Incubation was at 37 C 

Pemcilhn In some earber experiments amorphous penicdlm of relatively 
high punty was used For most of them, crystalhne pemciUm G (CSC) lies 

been employed . 

Preparation of penicillinase The method of Harper has been followed it 
was learned, however, that more consistently potent preparations could be 
secured if the mampulations were earned out at a low temperature, and t e 
foUowmg slightly modified techmque has been adopted as standard 

Bactem from 2 hters of a 22- to 24-hour culture of staphylococci were tbrovv-n 
down by centrifugation and suspended m about 6 ml of Locke’s solution 
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bacterial suspension was added mth constant shaking to about 50 to 60 ml of 
acetone, previously cooled to — 20 C The mixture (m a centrifuge tube of 70-ml 
capacity) was placed m a lefrigerator at —20 C At the end of approximately 
1 hour the clear supernatant liquid was removed by suetion, replaced by fresh 
cold acetone, and the sedimentation at — 20 C repeated After 2 such resus- 
pensions in acetone, ether was substituted, and the bacteria were allowed to 
sediment once more at — 20 C The ether was drawn off, replaced with a fresh 
quantity, and the ether suspension of bacteria was allowed to come to room 
temperature As mueh of the ether as was possible was then drawn off, the 
remamder was allowed to evaporate, and the resultant whitish powder was 
transferred to a weighmg bottle This was placed over “dn nte” m a vacuum 
desiccator for 24 to 48 hours before bemg used 
The resultant powder is referred to m these experiments as “pemcillmase,” 
followmg the common practice The powder is, of course, composed simply of 
defatted but otherwise mtact baetenal cells, as can be shown with the microscope 
In a strict sense pemcillmase has not been prepared, but organisms have been 
so treated as to reveal its presence m the still mtact cell 
Penicilhn assay The cup plate method was used for all pemcillm assays 
Bacillus subhlis (kmdly provided by Dr Foster of Merck and Company) was 
used as the test organism, 4 cups were used for each determmation and mcuba- 
tion was for 18 hours at 28 C A control curve was determmed for each run, 
the results of this bemg plotted to the best straight Ime on semilogarithmic 
graph paper 


EXPEHIMENTAL EBSULTS 

The first experiments were designed to determme the relation of the pemcilhn- 
inactivatmg enzyme to the baetenal cell and the quantitative effects of controlled 
variation of temperature, tune, concentration of enzyme, and concentration of 
pemcillm at pH 7 0 Further experiments were designed to test the reproduci- 
bility of results with a given preparation, and with several preparations from a 
given stram It was considered necessary to obtam these data before embarkmg 
on a program of assaymg the pemcillmase content of a number of different 
strams of Staphylococcus 

Expemnent 1 An mitial experiment was done to determme whether ap- 
preciable amounts of pemcillmase could be removed from the cells by extraction 
m Mcllvames buffer 

A suspension of pemcillmase was prepared contammg 1 mg per ml One 
portion of this was centrifuged for 1 hour at 3,000 rpm (1,600 g) and the super- 
natant carefully pipetted off Another portion was filtered through a smtered 
glass filter, and the filtrate collected Appropriate quantities of the ongmal 
suspension, of the supernatant after centrifugation, and of the filtrate were 
added to 1-ml volumes of pemcillm solution The volumes of all were adjusted 
to 2 0 ml, and each vas titrated by the cup plate method The results are 
presented m table 1 

It is seen that much activity was removed by centrifugation, and all by filtra- 
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tion The results ivere not altered by preparing the suspension and allowing 
extraction to proceed for 48 hours at 5 C, or by substituting a Seitz for the class 
filter 

Experiment 2 Since it had been shown that the enzyme could be removed 
from a system by passage through a bacterial filter, it w'as planned to deternune 
the rate of destruction of pemcilhn at 37 C by a constant quantity of enzyme 
A suspension of pemcilhnase contammg 0 4 mg per ml was brought to 37 C m 
a water bath To this was added an equal volume of peniciUm solution contam- 
mg 20 umts per ml (previously brought to 37 C) to make the final concentration 
of pemciUm 10 umts per ml and of pemciUmase 0 2 mg per ml After 30 and CO 

TABLE 1 


Atlempled aqueous exiraclion of pentctlhnase 



QUANTITY laXED 

PENICILLIN IN UIXTURE 

1 

WITH PENICILLIN 

Originally 

aitec 

mixing 

None 

ml 

0 2 

umts 

5 0 

5 0 

umts 

0 53 

Centrifuged (supernatant added) 

0 5 

1 0 

Filtered (filtrate added) 

1 0 

5 0 

5 3 



lime in minutes 


Fig 1 ExPEimiENTS Illustrating the Constancy of the Rate of Destrcction 

OF Penicillin at 37 C 

mmutes portions were removed and qmckly passed through Seitz filters, and 
the filtrate was assayed for pemciUm 

In figure 1 the results of three such expenments are presented It was con- 
cluded from these and similar expenments that the destruction of penicillin by 
pemcilhnase proceeded regularly with time 

Experiment 3 This experiment was designed to deternune the effect o 
temperature on the rate of destruction of pemcilhn 

A suspension was prepared contammg 0 2 mg per ml of penicillinase cr 
eqmhbration at an appropriate temperature m the water bath, an equal vo imic 
of penic illin solution, 10 umts per ml, was added Samples were remove i 
mtervals, passed through Seitz filters, and the filtrates tested for penicillin 
The results are portrayed m figure 2 It is evident that, within reasona > c 
limi ts, the rate of the reaction is a function of the temperature 
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In further e\periments it was shown that at a given temperature and mitial 
concentration of pemciUm the rate of destruction was directly proportional to 
the concentration of pemciUmase, and the lesults of a typical experiment are 
shoivn m table 2 

On the basis of the experimental results detailed above, it seemed reasonable 
to conclude that the destruction of penicillm by the acetone-ether-treated cells 
of Staphylococcus was regular and followed the general characteristics of an 
enzymic reaction It seemed reasonable also to assume that, by application of 
the techniques described above, it should be possible to assay the penicilhnase 
content of a mass of bacterial cells with a reasonable degree of accuracy For 



Fig 2 Expeeiments Illustrating Effect of Tempebatube on Rate of Reaction 

Quantity of enzyme and original concentration of enzyme constant “Tune” is the time 
reqmred for SO per cent destruction of the penicillin 


TABLE 2 

Deslruclion of penmlhn by pemcilhnase 
(Effect of concentration of penicillinase) 


ICO PZNICXLLIMASE PE& UL 

UKITS PENICILLIN FES UL 

TIUE 70S 50 % DESTSUCnON 



mtn 

0 1 

10 

24 

1 0 

10 

2 3 


the purposes of these experiments, one imit of penicilhnase is defined as the 
quantity required to reduce the concentiation of a solution of pemcilhn from 
10 umts per ml to 5 umts m 30 mmutes at 37 C and at pH 7 Before proceedmg 
to the second part of the study, namely, the survey of a number of strains of 
Staphylococcus for pemcillmase activity, it was decided to test the reproducibihty 
of the assay when applied to several preparations of a smgle stram of Staphylo- 
coccus 

Five preparations were made from a smgle stram of Staphylococcus (stram 2) 
The cells m 2 hters of a 22- to 24-hour culture m tryptose broth were centrifuged 
down and resuspended m Locke’s solution The concentrated bactenal suspen- 
sion was divided mto 2 roughly equal portions, and each was then processed and 
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assayed independently Five pairs of preparations vere thus secured, from 
cultures made on 5 different days The results of the assa 3 ^s of these prepara- 
tions are given m table 3 

It IS seen that excellent agreement was obtamed, both between the pairs of 
preparations from the same culture and between preparations made from differ- 
ent cultures On the basis of these results, it appeared reasonable to conclude 
that, by controlhng the conditions and duration of action of pemcillmase on 
pemcilhn, the quantity of the former present m a given preparation could be 
determmed with considerable precision Further it appeared that the quantity 
of enzyme present m the cells of a culture was reasonably constant 

The Dislnbution of Pemctlhnase in Strains of Staphylococcus 

On the -lasis of the results descnbed above, mdicatmg that the quantity of 
p _ oiUmase m a preparation could be measured with reasonable accuracy and 

TABLE 3 


Replicate assays of Staphylococcus aureus, strain 2, for penicillinase 


PKZPAfiATlOV 

UVITS PEE UG 

3/18/47— A 

14 3 

B 

12 5 

3/19/47— A 

16 7 

B 

14 3 

3/20/47— A 

16 7 

B 

17 9 

3/21/47— A 

15 2 

B 

15 2 

3/25/47— A 

16 7 

B 

16 7 


that several subcultures of a given stram did not seem to affect the quantity 
of pemciUinase contamed, it was considered feasible to proceed to the assay of 
the pemciUinase content of a number of strains of Staphylococcus cultivated imder 
comparable conditions 

Selection of the strains to be tested was gmded to some extent by the results 
of previous mvestigations of organisms m the collection It was desired to gam 
information, if possible, on the mechanism of the "postpemciUm dormant penod” 
exhibited by this organism after short exposure to pemcillm, and to determine 
whether the apparently greater resistance of Staphylococcus when heavy mocula 
were used m testmg was due to the presence of pemcdhnase A total of 10 
strains were exammed, and the pertment data are coUected m table 4 In order 
to facihtate their analysis certam of them are also presented m graphic form 

It was shown m previous studies (Parker and Marsh, 1940) that a culture of 
Staphylococcus, exposed for a very short time ivhile m the loganthmic penod of 
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TABLE 4 


Survey of Jfi strains of Staphylococcus for pemcillinase 


KO 


*2t 

It 

miiTs/uo 

LOO UNTtS/O 

35 

0 12 

0 12 

0 

-§ 

— 

140 

0 12 

0 12 

0 

— 

— 

69 

0 12 

0 25 

1 

— 

— 

150 

0 12 

0 25 

1 

— 

— 

104 

0 12 

1 0 

3 

50 0 

4 70 

18 

0 12 

31 0 

8 

20 0 

4 30 

70 

0 12 

500 0 

12 

125 0 

5 10 

91 

0 12 

500 0 

12 

100 0 

5 00 

48 

0 25 

2 0 

3 

I 4 1/ 

3 60 

54 

0 016 

0 25 

4 

— 

— 

136 

0 06 

8 0 

7 

33 3 

4 52 - 

146 

0 016 

0 06 

2 

— 

— 

3 

0 016 

0 25 

4 

— 

— 

76 

0 016 

0 016 

0 

— 

— 

9 

0 03 

0 03 

0 

— 

— 

1 

0 06 

0 06 

0 

0 22 

2 34 

25 

0 06 

0 06 

0 

— 

— 

126 

0 25 

125 0 

9 

2 2 

3 34 

7 

0 016 

0 06 

2 

— 

— 

16 

0 25 

500 0 

12 

5 0 

3 70 

8 

0 25 

500 0 

12 

20 9 

4 32 

31 

0 5 

250 0 

9 

12 5 

4 10 

114 

0 5 

31 0 

6 

16 7 

4 21 

68 

0 5 

125 0 

8 

2 27 

3 36 

81 

4 0 

8 0 

1 

0 69 

2 84 

85 

4 0 

8 0 

1 

0 19 

2 28 

2 

62 0 

250 0 

2 

16 7 

4 21 

37 

62 0 

125 0 

1 

11 1 

4 04 

63 

0 008 

0 06 

2 

— 

— 

65 

0 008 

0 06 

2 

— 

— 

83 

0 03 

0 25 

3 

— 

— 

144 

0 06 

1 0 

4 

— 

— 

117 

0 06 

1 0 

4 

20 0 

4 30 

143 

0 06 

1 0 

4 

— 

— 

166 

0 06 

0 25 

2 

— 

— 

141 

0 06 

0 25 

2 

— 

— 

34 

0 03 

0 125 

2 

— 

— 

138 

0 06 

0 25 

2 

— 

— 

132 

0 06 

0 25 

2 

— 

— 

58 

0 03 

0 125 

2 

I 



* R6, the inhibitory concentration of penicillin on overnight test, when a 10~* dilution 
of culture was used to inoculate the test series 

t R2, the same as R6, but 10“’ dilution used as inoculum See text 
J “Resistance index ” The difference, expressed as number of twofold dilutions, be- 
tween R6 and R2 

§ Quantity of penicillinase in arbitrary units in 1 mg of dried powder ( — ) indicates 
that if any penicillinase was present, it was in a concentration of less than 0 004 units 
per mg 
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growth to an appropnate concentration of penicillin, the pemcillm then being 
removed, entered a second stationary period, followed later by resumption of 
loganthmic growth The idea was entertained that this “postpemcillin sta- 
tionary period” represented the time required to destroy the pemcillm that had 



Log- Penicillinase units /g 

Fio 3 Relation between the Duration op the Postpenicillin Dormant Period 
IN Minutes and the Quantity op Penicillinase in a Culture 



Log- Peraclllinast units / g 

Fiq 4 Relation between “Sensitivity Index” or “Resistance Index” and 

Penicillinase Content 

entered the bactenal cell It is seen from figure 3, however, that the post- 
penicillm stationary period has no relation to the penicillmase content of tho 
organism 

Duplicate assays of the penicillin resistance of a number of strams of Staphylo- 
coccus indicated that, though m most cases the result was httle influenced by the 
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Size of the test moculum, m an appreciable number this was of great importance 
(Parker, 1946) Luna (1946), on the basis of similar data and rough tests for 
the presence of penicillinase, concluded that the discrepancy was due to the 
production of pemcillma.se by certam strains In figure 4 the data required to 




FianBES 5 (Upper) and 6 (Lower) Relation between Penicillin Sensitivitt or 
Individual Strains, and Their Penicillinase Content 

Open cHoles indicate strains with no detectable penicillinase 


test this hypothesis are collected It is seen that m those strains with the great- 
est “mdex of resistance,” i e , showing a greatly mcreased “resistance” when a 
large test moculum was used, the pemcillmase content is high But, on the 
other hand, a number of strains that produced pemcillmase m quantity did not 
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show the phenomenon, having an mdex of 0 or 1 Further, several strains 
showing 8- to 16-fold differences between the two tests of resistance (“indices" 
of 3 and 4) produced no measurable amounts of enzyme The use of the “index" 
alone as a means of selectmg pemcilhnase producers thus proved to be of very 
limited value 

Spink has suggested that it is the pemcilhnase content of a cell that largely 
detemunes the resistance of those strains possessing “natural” or “permanent" 
resistance The data of figure 5 appear to agree fairly well with this hypothesis 
The mocula m these tests of resistance were of the order of 9 million cells per ml of 
test medium When the moculum was reduced to 900 cells, the correlation 
between resistance and penicillinase content changes very definitely (figure 6) 
There is still a difference between the resistance, on the average, of those strains 
possessmg enzyme and those possessmg none, but among those strains having 
a measurable amount of pemcilhnase, there is no significant correlation between 
degree of resistance and quantity of pemcillmase 

DISCUSSION 

In agreement with the observation of others, it has been shown that many 
strams of Staphylococcus produce a potent pemcilhnase, and a method is de- 
scnbed, consistmg essentially of acetone and ether extraction of bacterial cells 
at low temperature, for securmg preparations of uniform activity from a given 
bactenal stram It has been shoivn that the rate of destruction of penicillin by 
such preparations is regularly related to temperature, time, and concentration 
of enzyme, as would be expected It has not proved possible, in limited experi- 
ments, to separate the enzyme from the bactenal cell by means of aqueous 
extraction at pH 7 0 

Inasmuch as the enzyme can easily be moved from a reacting mixture by 
passage through a Seitz filter, and the time of its action therefore controlled, 
it lends itself readily to exact assay In the expenments reported here, one 
unit of staphylococcal pemcilhnase has been defined as the quantity required 
to reduce the concentration of 1 ml of a solution of penicillin from 10 units to 5 
units m 30 minutes at 37 C and at pH 7 0 It is perhaps worth emphasizing 
that the time of action of any enzyme on its substrate must be subject to control, 
before exact assays can be done Using the method of assay described above, 
the pemcillmase content of 40 strains of Staphylococcus has been determined, and 
the results are recorded The strains appear to fall into two groups (1) strains 
havmg no pemcillmase, or at least less than 4 units per g, and (2) strains having 
190 or more umts per g Among the pemcilhnase-producing group of strains, of 
which there were 18, the vanation was wide, the range being from 190 units per 
g to 125,000 umts per g It is altogether probable that examination of more 
strains would extend this range Enough have been examined, hoivever, to 
mdicate that it may not be sufiBcient for all purposes to divide staphylococci 
sim ply into pemcilhnase producers and non-penicillinase-producers 

It has been suggested by a number of workers that pemcilhnase production is 
related to pemcilhn resistance m Staphylococcus, and this appears on first cx- 
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amination to accord with our data The correlation between resistance and 
penicillinase content is quite definite when the test inoculum consists of some 
10“ “ cells per ml, and there is good correlation not only between degree of re- 
sistance and the presence or absence of pemcillmase, but also beti\ een the degree 
of resistance and the quantity of pemcillmase contained m the cell Hoi\ever, 
when the moculum is reduced to the order of a few hundred cells, the latter 
correlation disappears In view of this, and of the very large reduction m the 
average resistance to pemcillm (from about 31 umts per ml to about 0 25 umts) 
with reduction of the moculum, it seems reasonable to suppose that the “re- 
sistance” to pemcillm exhibited by pemcillm-resistant cells is an artifact mtro- 
duced by the method of testmg it expresses simply the abihty of the restmg 
cell to dispose of the pemcillm m its environment With the disappearance of 
the pemcillm, bacteriostasis is termmated and multiplication begins 

It is to be noted that m the case of those strains producmg “no pemcillmase” 
there is a modest although probably significant drop m apparent resistance as 
measured in vitro from an average of about 0 12 umts per ml to about 0 03 umts 
per ml when the smaller moculum is used The net effect, however, is to reduce 
the discrepancy between the “average resistance” of the two groups of organisms 
from a ratio of about 250 to 1 to about 8 to 1, and it seems altogether likely that 
if the penic illin could be mamtamed m the test tube, m constant concentration, 
the difference Mould disappear entirely The “resistance” that is conferred on 
an organism by the possession of pemcillmase thus proves to be largely an arti- 
fact, important only when the number of cells is large and the quantity of peni- 
ciUm limited The discrepancy between the pemcillm sensitivity, as measured 
usmg large and small mocula, that exists m those strains without demonstrable 
pemcillmase (and probably, but to an undeterminable extent, among those 
with the enzyme) is probably an expression of the variation m sensitivity to 
pemcillm that normally exists between the cells of a culture Evidence exists 
that not all cells of a culture, even when this is derived from a single cell, possess 
the same sensitivity to various antibiotics With the use of a large moculum, 
contammg many cells, the chance of mcludmg an unusually resistant one m 
the moculum is mcreased m proportion to the size of the moculum 

SUMMARY 

A method for the preparation of staphylococcal pemcillmase is described 
that consists essentially of acetone-ether treatment of staphylococcal cells at 
low temperature 

By controllmg the duration of its action on pemcillm as well as other condi- 
tions, accurate assay of staphylococcal pemcillmase is possible A method is 
described that yields reproducible results 

The results of exact assay of 40 strains of Staphylococcus for pemcillmase are 
presented When a small moculum is used for testmg the sensitivity of a stram 
to pemcillm, the sensitivity appears not to be correlated significantly with the 
content of penicillinase of the same stram 
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The use of fungal amylase on a controlled scientific basis began when Calmette 
m 1894 isolated an active amylolsdic mold from the crude rice cake of commerce 
known as Chinese yeast Although Chmese yeast contamed many types of 
molds and other imcroorgamsms, several amylolytic molds were found to be the 
active prmciple of these cakes and from them Calmette finally selected a member 
of the Rhizopus group Spores of this oigamsm may be developed on sterilized 
rice and propagated m tanks of successively progressmg volume m a hqmd 
cereal medium 

The growmg medium is prepared by treatment of these mashes with from 
0 3 to 1 0 per cent HCl or H2SO4 followed by autoclavmg and neutrahzation to a 
pH of 5 0 This provides a medium m which solubilization of starch and re- 
duction of viscosity caused by the acid cookmg encourage rapid propagation of 
mold mycelium when the mashes are agitated with sterile air Under these 
conditions the Rhizopus converts the starch to sugar and, more slowly, to ethyl 
alcohol In practice, the mold is grown with a yeast that gives a more rapid 
and therefore more practical alcohohc fermentation This is essentially the 
amylo process, descriptions of which have been given by Grove (1914), Foth 
(1929), Boulard (1916), Delemar (1919), and Owen (1933) A modified amylo 
process has been described by Erb and Hildebrandt (1946) m which ngorous 
sterility is mamtamed m developmg mold m an amount equal to approximately 
10 per cent by volume of the final fermentation The final fermentation is 
prepared by conventional methods except that the malt is sharply reduced 
No extraordmary steixlity precautions are taken m the large fermenters Under 
these conditions the additive effect of the 10 per cent pure culture of mold and 
the small amount of malt (1 to 2 per cent) gave significant mcreases m the yield 
of alcohol over those obtamed when the conventional amount of malt nas used 
alone 

The amylo process has the advantage that “submerged growth” is employed 
This IS easily accomplished m a distillery by agitation of the mash m closed 
vessels by means of air sparged mto the tanks at the bottom Its disadvantage 
lies m the absolute necessity of pure culture eqmpment and personnel especially 
trained m its operation 

Fungal amylases have been developed by Takamine (1914), Underkofler 
e£ al (1939, 1941, 1942, 1943), and Christensen (1944), who utihzed surface 
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growth of amylolytic mold upon a solid substrate, usually acidified and sterilized 
wheat bran These preparations require considerable equipment in the form 
of trays, driers, etc The organism usually employed for the production of 
mold bran is Aspergillus oryzae The product has been found to be equal if not 
supenor to malt for the production of ethyl alcohol from gram A distillery 
must, of course, either purchase this material, which adds to the cost of its 
product, or erect a separate plant for its production 
In the present work a culture of Aspergillus mger (NRRL337) obtained from 
the Northern Regional Research Laboratory was used This culture was found 
by Le Mense, Corman, Van Lanen, and Langlykke (1947) to be the organism of 
choice when 250 amylolytic cultures were screened It differs from the Ehi opus 
cultures used m the amylo process m that it produces larger amounts of alpha 
amylase and of maltase than do the conventional amylo molds Larger amounts 
of maltase are also produced by A mger 337 than by molds usually employed 
m the manufacture of mold bran 

In this paper the effect of various factors on the production of amylase by 
A mger 337 is described The amylase production was measured by determin- 
ing the convertmg power of the mold filtrates when the latter were added to a 
solution of soluble starch This m turn was correlated with test fermentations 
No attempt was made to differentiate between dextrogenic and saccharolytic 
activity Future references to the percentage of conversion refer to the amount 
of sugar produced from the starch expressed as the percentage of its total sugar 
eqmvalent The details of the method used are given below 

METHOD FOB THE DETERMINATION OF FONGAD AJITLASB ACTIVITF 

This method is adapted for its present use from a combination of two analytical 
procedures from the A 0 A C , sixth edition (1945) The methods are 20 Cl, 
page 257, and 20 28, pages 244r-245 Modifications are noted in the following 
description. 

The following are placed m a lOQ-ml Erlenmeyer flask, 

20 ml starch solution (3 per cent Lmtner’s soluble starch solution) 

25 ml buffer solution (double strength of solution “a," p 244) 

1 ml fimgal amylase (filtrate from mold culture) 

Hold 1 hour at 30 C m a water bath Add 2 ml 3 58 N H-SO^ and 2 ml sodium 
tungstate (12 per cent solution) Filter at once, discard first 8 to 10 drops 
Pipette a 5-ml aliquot mto a l-by-S-inch pyre\ test tube and add 10-mI ferricy- 
amde solution (p 244) Hold exactly 20 minutes m a boiling water bath Cool 
to room temperature and empty the tube into a lOO-ml Erlenmeyer flask Rinse 
with 25 ml acetic salt solution, add 1 ml starch + solution, and titrate with 
0 1 N thiosulfate solution Record ml of thiosulfate used Run a blank con- 
tammg only starch and buffer m each test 

CalculaLions Use table on page 245, AOJiC, sixth edition, to find 
amount of maltose corresponding to the 01 k femeyanide used Divide by 
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to give the mg of maltose per 60 mg of starch This figure divided by 60 gives 
the percentage of conversion m 1 hour at 30 C Kxample 


Blank 

Test 


9 68 ml 
1 52 ml 

475 

8 16 ml = — =3 23 75 mg maltose 


23 75 
60 


39 58% conversion 


If the results show over 40 per cent conversion, a smaller aliquot than 5 ml 
may be taken for the ferricyamde test and the results calculated accordmgly 

EXPERIMENTS DIRECTED TOWARD INCREASING AMYLASE PRODUCTION 
BY A NIGER NRRl337 

The work reported here was undertaken with the idea of shortening the time 
reqmred to develop fungal amylase of the desired strength In order to obtam 
amylolytic preparations of the required potency, Le Mense, Corman, Van Lanen, 
and Langlykke (1947) aerated their cultures of A nigcr for from 3 to 5 days 
These cultures were developed m gram stillage supplemented with 2 per cent 
of com meal and adjusted to pH 4 9 to 5 3 ivith calcium carbonate Such a 
procedure u ould encountei difficulties m large-scale use owmg to the long period 
of growth durmg which infections would be hkely to develop 
Although the use of stillage is economically desirable m plant practice, m the 
mterest of uniformity the basic medium employed m the laboratory evperunents 
reported here had the follouung composition, A 10 per cent com mash that had 
been acidified with sulfunc acid to pH 4 0 was cooked for 1 hour at 30 pounds 
steam pressure The mash was then adjusted to the desired gram concentration 
and to a pH of 5 3 with calcium carbonate It was then resterilized m IGO-ml 
amounts m 1,000-ml Erlenmeyer flasks In the experunents reported 0 25 per 
cent urea was also added to all flasks, as this substance appears to stimulate the 
formation of dextrogenic enzymes 

It will be seen from the followmg experiments that the amount of amylase 
produced by A mger NIIRL337 will vary considerably with slight changes m 
the composition of the basic medium For example, during mvestigations of 
the effects of addmg small quantities of substances to the mold-gro'mng medium 
it was noted that sodium or potassium chlonde added m small amounts had a 
marked stimulatmg effect upon amylase production It is of particular mterest 
that the action of these chemicals appears to be culture-specific, for little or no 
response was obtamed when they were added to cultures of “RInzopus ioulard ” 
Appropriate experiments have shown that the salts actually stimulate production 
of amylase by A mger and that we are not deahng i\’ith the known catalytic 
action of small amounts of salt on soluble-starch-amylase reactions 
The results m table 1 are typical of a number of experiments m which the 
addition of sodium or potassium chloride was shown to mcrease amylase pro- 
duction One hundred ml of the basic medium previously described plus sodium 
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chlonde as indicated were inoculated with spores of A mger NRRL337 and 
shaken continuously for 24 hours at 30 to 32 C on a shaking machine The 
mold culture was then filtered through paper and the filtrate tested for starch- 
convertmg power 

As will be shown subsequently m the discussion of pilot plant fermentations, 
it IS necessary to produce a mold amylase givmg 20 per cent conversion of soluble 
starch under the conditions we have described m order to get satisfactoiy con- 
version for an alcoholic fermentation of com Amylolytic preparations of lower 
potency are correlated with low yields of ethyl alcohol when they are employed 
as the convertmg agent m gram fermentations The use of small amounts of 

TABLE 1 


The effect of NaCl and KCl additions to gram mashes on the production of amylase by 

Aspergillus ntger NRRL337 


SALT CONCENTI.\TION 

PEB CENT CONVERSION 

g per 100 ml 

24 ho^S 

0 001 NaCI 

27 83 

0 001 KCl 

23 80 

0 002 NaCl 

26 13 

0 002 KCl 

22 50 

Coatrol 

6 40 


TABLE 2 


The effect of concentration of the growing media on the production of amylase by 
Aspergillus mger NRRL53T 


CONCENTRATION 


PER CENT CONVERSION 


22 hr 

42 hr 

96 hr 

Degrees Bnx 

6 

23 0 

1 

32 1 

39 0 

8 

21 2 

31 6 

45 4 

10 

20 2 

32 8 

70 3 


sodium chlonde has, therefore, a practical value smce its use makes possible 
the preparation of amylolj’t.ic solutions of the desired strength in shorter timo 

Another factor influencmg the production of amylase by the culture under 
study IS the gram concentration of the growmg medium In table 2 there is 
shown the result of a senes of mold shake flasl\s m which gram mash plus opti- 
mum amounts of sodium chlonde were set up in three different concentrations 
It will be seen that as gram concentration mcicased, enzyme production also 
mcreased The flasks were prepared and shaken contmuously as m the preceding 
experiment 

It can further be seen from table 2 that if it is desired to use the fungal amy lose 
at 22 hours there is no advantage m raismg the concentration above 0 linx, 
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but, on the other hand, if there is no practical disadvantage in extending the 
gro\ving period the converting power can be increased, in this instance three 
and one-half tunes, by raising the gram concentration to 10 Bnx and growmg 
for 96 hours 

EFFECT OF ANTISEPTICS UPON AMYLASE PRODUCTION BY A NIGER 

nrrl337 

When one attempts to move a laboratory fermentation to pilot plant or full- 
scale commercial operation, contammation by imdesirable microorgamsms fre- 
quently mterferes with the production of the desired products It was found 
necessary to mamtam submerged cultures of A mger NRRL337 virtually free 
from bacterial contammation Failure to do this mterferes senously with 
amylase production In order to mtroduce a factor of safety mto plant opera- 
tion a number of laboratory tests were conducted to determme the conditions 
under which antiseptics nught be employed It was found possible to select 

TABLE 3 


TAe adverse effect of bacterial contamination upon amylase production by Aspergillus mger 
NRRL337, and Us control by ammonium bifiuoride 


COKCE^fTSAnOK OP A^ONIOU BIPXUOUDS , 

PES CENT COWEESIOV 

g Per 100 ml medium I 

Z4 hours 

0 01 

10 08 

0 016 

18 12 

0 02 

14 97 

0 03 

10 42 

0 04 

8 83 

0 05 

8 17 

None 

4 93 


concentrations of either ammomum bifluonde or sodium pentachlorphenate 
(“dowicide G”) which inhibit bacteria but allow mold growth and amylase pro- 
duction to proceed 

A typical example of this is shown m the foUowmg experiment m which a 
mash, contammated with 0 05 per cent by volume of a young vegetative cultiue 
of Clostridium acetobulylicum, was seeded with mold spores and shaken for 24 
hours This organism was selected because, paradoxically enough, this anaerobe 
IS able to grow symbiotically with an aerated mold culture, and anaerobic con- 
tammants, either butyric or butyhc, have been most commonly encoimtered 
Heavy contammation was observed microscopically m the culture to which no 
ammomum bifluonde was added The flasks contammg 0 02, 0 03, and 0 04 g 
per 100 ml ammomum bifluonde showed httle bacterial groivth, but the mold 
was inhibited Flasks contammg 0 015 and 0 02 g of ammomum bifluonde per 
100 ml of mash showed the most favorable balance between mold activity mth 
shght bacterial contammation and maximum amylase production 
Similar results have been obtamed. with dowicide G However, this anti- 
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septic m addition to controlling bacterial contamination m submerged cultures 
of A mger markedly inhibits spore formation Untreated shake cultures oc- 
casionally developed spores on the sides of the glass flask above the liquid level, 
but m the presence of the proper amount of domcide G spores were not formed 
Since sporulation under these conditions usually was accompanied by poor amyl- 
ase production, it was found possible to eliminate irregular results m laboratory 
shake cultures because of sporulation of mold by suitable dosage of the cultures 
with dowicide G 

The foUowmg is typical of a number of experiments m which it was noted that 

(1) sporulation m shake flasks is associated with low amylase production, and 

(2) the correct amount of dowicide G inhibits sporulation and does not interfere 
with amylase production 

The flask contaimng no antiseptic showed marked sporulation Amylaso 
production was fair at 24 hours but a large part of the enzyme was destroyed, 
possibly by products associated with sporulation, when shaking was continued 
up to 48 hours Flasks 3 and 4 showed slight or no sporulation and the highest 


TABLE 4 


Effect of dowtetde G on sporulation and amylase production by Aspergillus niger NRRLSS1 


NO 

OOWICIOE 0 ADDED 

PEB CENT CONVERSION 

SrOSULATlON 


[ per 100 ml mash 

24 hr 

4S hr 


1 

None 

23 8 

5 81 

Heavy 

2 

0 0012 

43 7 

23 8 

Slight 

3 

0 006 

46 6 

43 7 

Slight 

4 

0 012 

46 6 

46 6 

None 

5 

0 024 

15 2 

15 2 

— 


amylolytic activity Flask 5 showed inhibition of both mold growth and amylase 
production because of excess of dowicide G It is not known how general this 
mhibitive action of dowicide G upon mold sporulation may be, although it has 
been observed m experiments m this laboratory in the case of a number of mold 
strains 

By supplementing the basic medium with optimum amounts of sodium chloride 
and dowicide G, laboratory shake cultures seeded with A mger spores developed 
the minimum required potency of 20 per cent conversion within 21 hours Lab- 
oratory fermentation tests employing fungal amylase, upon which the pilot 
plant runs subsequently described were based, followed the general plan given 
below 

Eighty-four g com meal, 500 ml water, and 0 84 g barley malt (1 per cent 
premalt) were heated to 66 C, with frequent hand shaking The flaslvs^ \\ero 
then autoclaved 1 hour at 20 pounds steam pressure and cooled to CO C, and 
the desired amount of amylase was added Conversion was allowed to proceed 
at 60 C for 1 hour, and the flasks were cooled to 30 C and seeded with 4 per cent 
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by volume of a suitable yeast Under these conditions the yields given in table 
5 were obtamed 


PILOT PLANT FERMENTATIONS 

In table 6 are given pilot plant yields obtained from whole ground com when 
fungal amylase was employed as the converting agent The general procedure 
followed m these fermentations was as follows 
Corn mash acidified to pH 4 0 and cooked by the contmuous high-pressure 
steam ]et method (Unger el al , 1944) was cooled, diluted to 6 to 8 Brix, and 
neutralized to pH 5 3 with calcium carbonate Urea was added at the rate of 
2 pounds per 1,000 gallons of mash and sodium chloride at the rate of 25 g per 
1,000 gallons of mash The mash was then stenlized at 40 pounds steam pres- 
sure for 1 hour, cooled, and 200 gallons were inoculated with a saline suspension 
of A mger spores, prepared by suspending the spores grown on a heavy com 
mash pad m a 250-ml Erlenmeyer flask m 2,000 ml of 0 8 per cent salme solution 


TABLE 5 

Ethyl alcohol yields from corn meal converted by Aspergillus mger NRRLSS7 fungal amylase 


NO 

lUMCAL AUYtASE | 

UALT 

lESMENTATlOM 

zfticizacY 

lABOBATOEY YIELD* 
ETEYL AI^OHOZ. 


tot % 

ter cent 

ter cent 

proof gallons 

1 

10 

None 

85 7 

5 56 

2 

20 

None 

92 0 

6 03 

3 

10 

2 

89 6 

5 so 

4 

20 

4 

91 5 

5 90 

5 

20 

2 

94 0 

6 09 

6 

20 

4 

95 7 

6 29 


* Laboratory yield expressed as proof gallons of ethyl alcohol per bushel of grain, 
wet basis 


The moculated tank was aerated contmuously, and at 48 hours its amylase 
content usually tested the required 20 per cent conversion This period may be 
shortened by mtroducing an intermediate vegetative mold stage Gram stillage 
supplemented with 2 per cent com meal and with urea and sodium chlonde has 
also been used with success The latter medium is more economical than com 
mash, but it is somewhat less uniform because of variation m the stillage The 
final or fermenter stage was made up m a 1,000-gallon tank eqmpped ivith an 
agitator Six hundred gallons of com mash (1,120 pounds of com meal plus 
1 per cent premalt) were premalted m the conventional manner, after which 
the thinned mash was cooked at 35 pounds steam pressure for 1 hour It was 
then cooled to 60 C and 10 per cent by volume of fungal amylase added As 
soon as the mold had been added to the 600 gallons of com mash, the temperature 
was brought down by means of coolmg coils to 30 to 32 C and 2 per cent by 
volume of yeast was added The yields of ethyl alcohol obtamed by this pro- 
cedure are given m table 6 In considermg these figures one should recall that 
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approximately 5 0 proof gallons of ethyl alcohol per busliel of \\hole ground 
com of 12 per cent moisture is a normal plant yield i\hen the fermentation is 
conducted by conventional malting procedures 
It mil be noted that the mns shown in table 6 were made with amjlase prepa- 
rations averaging 34 87 per cent conversion, and the yield, as w ould be expected 
from previous laboratory tests, xxas good, 5 61 proof gallons per bushel A 
series of 6 runs previously made using amylase preparations a\ eraging? 32 per cent 
conversion gave only 4 30 proof gallons per bushel This illustrates the cor- 
relation between the conversion power as shown by the test described and tho 
alcohol produced The 6 low-yielding pilot plant runs to iihich we hue re- 
ferred were m all cases due to poor amylolytic preparations When conditions 
contributmg to contamination were eliminated and when the mold-growing 
medium was properly modified along the Imes described here, amylase produc- 


TABLE 6 

Fermentation efficiency — seven 800 gallon pilot plant runs — employing fungal amylase 
averaging 34 87 per cent conversion 


RUN 

TERlfENTATIO*! BTPICIZNCY 

ETnYt. AtcoaoL* rsoor omlohs 


ptt (tnt 

pu huskd 

1 

90 7 

5 C5 

2 

92 6 

5 95 

3 

91 1 

6 SO 

4 

90 9 

5 90 

5 

84 5 

5 60 

6 

83 1 

5 34 

7 

78 6 

5 00 

Average 

87 4 

5 61 


* Yield expressed as proof gallons of ethyl ethyl per bushel of grain, wet basis 


tion and ethyl alcohol yields comparable to those m table 6 were mvanably 
obtained 

Although we do not know at present that sporulation of Aspergillus niger 
such as we have described m shake flasks occurs m a plant vessel that is being 
aerated, we have found that the use of up to 0 01 g per 100 ml of dowicide G 
has no harmful effect upon mold growth and introduces a desirable safetj factor 
mto plant operation by its inhibitive action on bacterial contammants 

SUMMARY 

Laboratory and pilot plant termentations confirm the observations of tho 
Northern Regional Research Laboratory workers on the efficiency of Aspergillus 
niger, strain NRRL337, as a converting agent for grain fermentations 
Amylase production by this culture is stimulated by the addition, of small 
quantities of NaCl or KCl to the grovnng medium 
In order to get a satisfactory alcohol y leld, a minimum of 20 per cent con . ersion 
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by the test described is required wheti 10 per cent by volume of fungal amylase 
IS employed in grain fermentations 

Yields of from 6 0 to 6 3 proof gallons of ethyl alcohol per bushel of wet com 
have been obtained m the laboratory, and 5 G proof gallons of alcohol, on the 
same basis, have been obtamed in pilot plant fermentations using fungal amylase 
produced as described 

Sodium pentachlorphenate and ammomum bifluoride may be employed to 
control bacterial contamination in fungal amylase production by A mger NRRL- 
337 The mhibitive action of sodium pentachlorphenate on the sporulation of 
A niger m shake flasks has been noted Sporulation m laboratory shake flasks 
IS frequently correlated with low amylase production, and consequent low alcohol 
yield m the subsequent yeast fermentation of the converted gram mash 
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bTUDIES WITH TflE ELECIROX MICROSCOPE OX 
THE INTER VC’TIOX OF RED CELLS .VXD 
IXFLLEXZV V IRLS 

r flLlNMElb' 

HilniiijL RttiCi Johnson I oundalion foi Mtilical Physics, L nnersity oj Pcnnsyliania, 

Philadelphia, Ptnnstjliania 

Ri-CLUcd for public ition March 5, 194S 

The influenzc muis, led cell ‘igglutination phenomenon, fiist obsei\ed bj 
Hnst (19-11) and MtCell ind ind Hnc (1941), Ins pio\ed to be a leaction of 
consideiable import nice In addition to its pi letical \ahie this phenomenon 
offem an oppoitimit\ to stiuK a \iuis and cell mteiaction of geneial theoretical 
interest It is geneiallj conceded thit ulsoiption ot mius on the susceptible 
cell surf ice constitutes the fust step in the piocess of infection b} a niiis The 
ulsoiption of mfluenzi mius on led cells his been amph demonstrated bj in- 
direct methods and strengthens the anilogi between the Mius-red-cell reaction 
uid the initial phase of mius mtection (Hnst, 1942, Fiancis and Salk, 1942) 
It 13 the puipose of this pipei to piesent diiect eiidence of the mteiaction be- 
tween MIUS and red cell 

In work with multicomponent biologic il mateiials the election nucioscope 
technique presents consideiable difficulties Foi example, m the demonstiation 
of an antigen-antibody leiction, loi which lelitneh high concentrations of 
materials ma} be needed, the problem of cleiiing the specimen backgioimd arises 
m obtaining election miciogiaphs ot satisficton qualiti With such a sjstem 
it IS necessary that care be exeicised m the w ishing piocess for clearing the sup- 
porting film, m 01 del that the desiied featuies of the pieparation may not be 
lost 

Even moie difficult to stuch with the election microscope is the interaction 
between pioteins and cells Heie osmotic equilibrium must be mamtamed, 
since the lemoial of silt max lesult in cell destmction This problem is found 
with systems inxohmg human lecl cells, as hemohsis is initiated easily and the 
subsequent liberation of inner stiuctuial miteiial alteis the experimental con- 
ditions In such cases it is easier towoik with cell ghosts, pioxided that thex 
still letam the desired inteiactmg pioperties In general, xxith a knowledge of 
the difficulties inxmRed and a siutable handling of the sx stem, satisfactory elec- 
tion miciogiaphs can be obtamed at xanous stages of xiius and red cell mtei- 
action 

XIATERI XLS 

Virus samples xxeie obtamed from chick allantoic flmd and purified bj”^ the use 
of the Shaiples centiifuge Both actixe influenza xinis txpe B and formahn- 
inactixMted A and B imxtuies were emploxed in the expeiiments - 

‘Present address Phjsics Branch, Phxsical and Chemicil Diiision, Camp Detrick, 
Frederick, Marx land 

“ I am indebted for xirus samples to Dr B Hampil of the Sharpe and Dohme Companx , 
Inc 
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Human led cell ghosts wcic piepaicd hj the following pioculuu (1) W islunl 
cells weie hemohzed m distilled w ctei toi 30 minutes ami Mdinuntul h\ low 
speed centiifuging (2) The sedimented cells weie w idled iwue in 'iliiu 
(3) The final sediment was stoicd it 5 C m siline 



Fig 1 Imi ttN 7 V t nils V im> 11 \ \ctiM- Mictc in , Dcmonsi ii vti < \ utnn ^ 
^Tutsof tcGiitririoN \nu DisiNrtf ninos oi I'Mincii-. 

Ihi, Icni,tli of the stale is 1 niitroii 

\\ ashed thicken ltd tells can be used diiccth , suilg tht\ ut Ic's c I'llv In nio 
hzed duiiiig the washing of the spetimtn Ihc R ( V t\pi B ilu iron nm to 
scope, without objcctnc ipcrture, w is uscd 

Mtriious 

Llcitroii mitro'iopc s|)ttiintiis were prcpind in tiic lullowiiig iiiuim r 'li 
\ ini' 'olution w Ls diluted iii di'tilUd w itcr iiid i dro[) ol tin -U'ln ii-H’ii 
pliccsl on the 'ptcimtn screen Viter i leu niiniitcs th. co* , Ihml o 


V- 




Fig 2 Influenzv B Virus Adsorbed on Chick Red Cell yfter 12 Minutes 
IN Coni ict in Svlinl Solltion (Tbmi 6 C) 

The cratcis on the film are due to defects in the suppoitmg film The length of the scale 
IS 1 micron 


of salt caused partial hemolysis (2) Viius and cells (oi red cell ghosts) weie 
mixed and kept m contact at a constant tempeiatiue foi the reqmred time The 
suspension was then diluted in saline, oi m distilled watei, and one drop was 
placed immediately on the specimen scieen and handled in the pieviously de- 
sciibed mannei The i\ ashing has to be done caiefiilly in this case, otherwise 
the cells aie easily u ashed off the scieen 
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EXPEIUMIM VL Ul5.tLra 

1 Dits The influciizi \ luia iked foi inici iction e\peiinienta ippeuid lu Uu 
elcttion micioatope to be in the ^ime piitule -ize i iin;e k eatim itid tiom du 
tion micioscopic dita b\ fnloi d al (1013), 3\illinik md WMkott 
and otheis, the paititles being lound ind of diuuctck i iiiguig tioiu T'l to 1 U1 
m^i It was obsened tint duimgotoiage inO 0 pei cent ■'dme u 3 ( inuiu iiui 
Milk staited to thinge its lonhgiii ition uul i \ iiiet\ of -h ipn ippi lud 'iiu 



Tir i ChukUhjCili \( f n us \iion in rto 1’ri •’i sn ot Inu n n/ ' li ^ nii 
s\\iiib v^Ikiio J\wrii nMisifi (dnimi 

1 ht of t!u iK I't I initroM 
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iica, aic albo piesciit It has been ob&eivecl fiom many othei similai micio- 
gi iphs tint dibiiitegiatioii ot pai tides into smallei fiagments takes place when 
the biiif ICC ue i has mcie isecl too cvtcnsivcly Gcneially theie aie many modes 
of dismtcgiation md aggiegation White lectangulai paiticles on the micio- 
giaphb aie mignesuim o\idc ciystals, intioduced on the specimen m the foim 



Fig 4 I^FLUENZV \ cccine A iad B Mixture, Adsorbed on Hcmcn Red Cell 
Ghost vfter 20 Hours’ Contact ct 4 C 

The length of the scale is 1 inicron 

of smoke They weie used foi detei mining the height of the paiticles This 
subject will be discussed elsew^heie 

In the most oideily mstances of aggiegation paiticles seem to foim filaments 
of vaiious lengths The examination of samples stoied foi longei peiiods of 
time showed fuithei inciease of filamentous paiticle foi ms and geneial loss of 
definition of individual paiticles 

Vinis and chick >ed cells Figuie 2 diows a chick cell with a dense nucleai 
aiea and a lelatix ely less dense peiipheial legion This outei legion is sufficientlj 





F HELNMETS [\0L oo 

tianspaieut foi Mius mteiactiou btudics ^ luis ib seen to be Ut uhul to tlie 
boidei aiea ot the cell and to the surf ice ot coit nn ueis ol the k.-b deii-c all 
legion Othei aieis of the cell bUifacc ue too dciibc foi tlie UHilution ol in 
dnidual cirus pirticlcb 

The fibioub niateiiil seen on one side ot the cell ilso lus some \nub potalib 
ittached The background ci iteib ue defects of the supporting him l-ignu > 



Pic o Vgclltin vtion ot IIcuvn Rcd Celi Giioaib ui Isii-LtN^v V ind H 

\ tCCIM 

lliL of till, stale 13 1 iiiK roil 

ib imiciogi iph of chicken led cells iggluiin itcd In influciu t \ iriis, ig uii di iiioii 
btrating the -urf ice idsoiption ot the cirus puticlcs 

1 inn and human ml cells 'ihe idsoiption ot inictn itid inus on tin glio t 
'iirl ICC ib 'houa in liguu 1, whtit cirm p iitiik' ind ill iineiil' ol % inom h na'h' 
t over both 'Ukb ol the gluj't i’ ii title on tin uiiper 'iirl ii i ot tin dll in nn>n 
ek irlv ikhnetl ind irt not tovtitd bv tin lell will I igurt ) di nion-tr it* ^ 
the igglutin itioii ot gliO'ts bv \iru~ 

'■uri let -iturition ot i gho't nil bv utivi vniis i' 'lio wi in lignn •>, tin 
it n t n li IV ing 111 t n pn p in d bv idding n 1 itivi iv lev gho-ts to idiiniiitrind 




Fig 6 Influenza B Virus Adsorbed on Hum in Red Cell Ghost, Contact 30 
Minutes at 4 C, Excess Vinus 


The length of the scale is 1 micron 


DISCUSSION 

It IS of Intel est to know how the immunochemical pioperties of a vnus paiticle 
are affected when a change takes place m its external geometiy It is expected 
that some mfoimation concerning stiucture can be gained by studying thoioughly 
the modes of deformation At the present time, the expeiimental data aie 
insufficient foi such an analysis, but it can be stated that in some cases of ag- 
gregation the inteiactmg pioperties of this vnus aie not destroyed As the 
evidence presented shows, filament type viius particles can still adsorb on the 
led cell surface It is unceitain at what stage of disintegration the vnus particle 
fractions become incapable of interacting with cell sm faces Fractionation 
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studies, accompanied chemical evpenments, might offer an oppoitumty to 
locate the biologically active gioups of \uus particles 

It IS imcei tain u hethei agglutination of led cells is caused bj the virus particles 
diiecth, foimmg a linkage between agglutinated cells, oi whether the cell sm- 
faces die sensitued bj adsoibed miils and subseciuently agglutinated Ee- 
peated ob«enations with the aid of the election microscope indicate that fresh, 
unstoied led cells, when agglutinated by \nus, always show its piesence on the 
suiface and especially on the contact aiea of the cells As levealed by figure (i, 
a human lecl cell ghost is abo capable of adsoibing virus ovei piactically all of its 
suiface The ob'Ci cations fuithei indicate that certain led cells that are not 
igglutinated mac ^till h u e c mis adsoibed on then surfaces This is usualli the 
case at lelaticelc low ciins concentrations The obsercation suggests that 
ciuis adsoiption does not sensitize the cell surface for agglutination, but lather 
that tlie most piobable explanation, based on a laige numbei of obsen ations, 
Is that the agglutinating action of influenza ciuis on the red cells is a direct one 
Hie phenomenon appeals to take place, howecei, only when theie is a sufficient 
mmihei of ciius particles piescnt to foim linkages between the cells Fuitber- 
moie, vine M=<ible piecipitation of red cells indicates lathei an extieme case of 
inteiactiou, *ince combination between cinis and cells can take place without 
pioducmg aiic cisihle agglutination be a rtandaid te»t-tube technique 
Election micio-copic studies hace so fai not lecealed anc cisible changes on 
the led cell ghost suiface aftei the cinis elution, but fuithei studies should be 
done on the subject The difficulties aie consideiable because the laige number 
of holes in the cell wall and the exten-ice disoigamzation of the surface, exen 
befoie Mills acboiption, make changes difficult to detect On the othei hand, 
the noimal lecl cell, with its mtact cell wall, which would be more siutable in 
that respect, is too dense foi 'tud\ with the election micioscope Replica studies 
might be helpful 
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sc AIILIRI 

Electron microscopic studies suggest that inactne influenza Miais undergoes 
deformation mto \anous foims dining piolonged stoiage Some aggiegation 
forms, at least, appear to retain the piopeitj' of inteiaction with red cells 

Electron, miciographs aie piesented show mg the phjsical relationships be- 
tween influenza airus and agglutinated red cells oi led cell ghosts 
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THE EFFECT OF SULFATHIAZOLE ON THE RATE OF INCREASE 
OF RIBOFLAVIN PRODUCTION BY PROTEUS VULGARIS 
AND BACILLUS SUBTILIS 

RAYMOND E CRANDALL 

BaclcnoloQy Deparlmcnl, University of North Carolina, Chapel Hill, North Carolina 
Reeezved for publication March 9, 1948 

In recent years, sulfonamides have become very important m the chemothera- 
peutic treatment of various bacterial diseases For this reason, it is desirable 
to understand more clearly their mode of action and their effect on human nu- 
trition One method of approaching both of these problems is by studying the 
effect of chemotherapeutic agents on the synthesis of growth factors essential 
to bacterial nutrition Although a number of theories have been suggested 
regarding the mode of action of sulfonamides (Woods and Fildes, 1940, Henry, 
1943, Sevag and Green, 1944), there are still many factors that have not been 
explained to complete satisfaction One of these factors is the effect of sulfa- 
thiazole on riboflavm production This paper is concerned with the synthesis of 
riboflavm by two nonpathogemc organisms that are sensitive to sulfathiazole 
and that synthesize relatively high amounts of nboflavm Smce nboflavm is 
an important factor in bacterial respiration, more light may be shed on this 
complex problem of sulfonamide action by observmg the effect of this drug on 
nboflavm synthesis 

When bacterial cells synthesize nboflavm, they not only produce sufBcient 
quantities for their own metabolism, but also release an excess mto the substrate 
Accordmg to Burkholder and McVeigh (1942), this amounts to more than 15 
per cent of the total quantity synthesized in 48 hours Therefore, by determin- 
mg the amount that is present m the culture medium and cells at various time 
penods, the rate of mcrease of nboflavm and the effect of sulfathiazole on this 
mcrease can be determined 

EXPERIMENTAIi PBOCBDUHB AND EESULTS 

Two species of bacteria taken from the culture collection of the Bacteriology 
Department of the Umversity of North Carolina were used as the test organisms 
Proteus vulgans, no 355, and Bacillus sublilis, no 480 

For the cultivation of P vulgans, the synthetic medium descnbed by Burk- 
holder and McVeigh (1942) was used as the medium of choice When B sub- 
tilis was used as the test orgamsm, a medium descnbed by Games and Stahly 
(1943) for Leuconostoc mesenteroides was used In the latter case, the B complex 
vitamms that were not necessary for growth were omitted and 25 mg of aspara- 
gine per 100 ml of medium were added In each experiment the moculum con- 
sisted of cells from a 24-hour culture of the test organism that had been grown 
m the predescnbed medium The cells were washed twice by centrifugation 
and resuspension m 0 85 per cent NaCl solution 
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In each senes of experiments two inoculated culture flasks were used flask no 
1 contained 1 mg of sulfathiazole per 100 ml of medium, and flask no 2, which 
served as the control, contained no sulfathiazole The first senes was incubated 
in a 30 C water bath and the second series in a 37 C water bath Samples were 
removed from each flask at 2-hour intervals for 6 hours, then again at 24 and 
48 hours for plate counts and nboflavm assays Riboflavm assays were made 


TABLE 1 


The effect of sulfathiazole on the synthesis of riboflavin by Proteus vulgaris at 37 C 


TtUE BOUSS 

NO OP CEtLS/lU. 

too NO OP CELls/llL 

TOTAL SlBOyLAVlN 
PKESENX, 

Rate op lvcrxase* 
op BIBO /I X 10' 
ceixs/hb X 10' 


Control- 

—Absence of sulfathiazole 


0 

15,000,000 

1 7 18 


o 

1 

2 

17,000,000 

7 23 


1 

4 

30,000,000 

7 47 


3 3 

8 

156,000,000 

8 19 


2 7 

25 

370,000,000 

8 57 


1 8 

48 

2,300,000,000 

9 36 

■H 

0 3 


Presence of sulfathiazole 


0 

2 

12,800,000 

14,000,000 

7 10 

7 15 

0 0013 

0 0058 

16 0 

4 

17,000,000 

7 28 


18 0 

6 

28,700,000 

7 46 


4 4 

25 

110,000,000 

8 04 


1 2 

48 

204,000,000 

8 31 

0 068 

0 6 


* Difference between the rate of synthesis and utilization (see Discussion) 


_ . Increase (positive or negative) in total riboflavm 

t Rate of increase = X 

Total no of viable organisms X — 


1 

Tune interval in hours 



An example for the table above 


0 0045 (-0 0062) 1 

Rate of increase = — X - 

17,000,000 X — 


-0 00050 X — 
io-< 


-50 


according to the method described by Snell and Strong (1939), usmg Lacio- 
hacillus cases as the test organism The culture flasks and assay samples were 
protected from light at all times to prevent mactivation of the riboflavm 

The results obtained when P vulgans was used as the test organism and 
meubated at 37 C are recorded m table 1 and shown graphically m figure 1 
Sulfathiazole was added m concentrations of 1 mg per 100 ml of medium In 
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TIME 1 J HOURS 


Fig 1 The Relationship op the Rate of Ilceease of Rtbofiavin, the Total 
Riboflavin Content, and the Growth Rate of P vtjlguus in the Presence 
AND Absence op Solfathiazole at 37 C 



TIME IN HOURS 


Fig 2 The Relationship of the Rate of Increase of Riboflavin, the Total 
Riboflavin Content, and the Growth Rate of B sdbtilis in the Presence 
AND Absence op Sulfathiazole at 37 C 

each case a control experiment was conducted under similar conditions, omittmg 
the sulfathiazole from the medium The rate of mcrease of the nboflavm was 
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highest when the medium contamed sulfathiazole Furthermore, the highest 
rate of mcrease occurred m the earlier phases of the cultural groulh "Whea 
the culture flasks uere mcubated at 30 C, the results obtamed were similar to 
those shown m table 1 The higher rate of mcrease of nboflavin occurred in 
the medium containing sulfathiazole, and the greatest amount of nboflavin 
was synthesized m the earlier phases of the cultural growth 
In order to compare the effect of sulfathiazole on another strain of bactena, 
B suhlilts was used as the test orgamsm The results obtained from these 
experiments are shown m figure 2 Although the results are similar to those 
ODtamed for P vulgans for the first 3 hours, the rate of mcrease is not so high 
m the presence of sulfathiazole This is probably due to the fact that the cells 
are not so strongly inhibited by the drug m this experiment as m the previous 
one This can be seen by exammmg the growth rate of these cells The total 
nboflavm per ml of medium is also lower ivith B svbtihs, but this is due, un- 
doubtedly, to the lower cell eoimt at each time mterval However, the same 
general trend is evident with this organism as with P tnilgans, there is a higher 
rate of mcrease of nboflavm when sulfathiazole is present m the medium 

DISCUSSI03S' 

The total amount of nboflavm present at the zero time penod is assumed to 
be due to the nboflavm present m the washed bacterial cells, smce the medium 
was nboflavm-free It is not possible to assume that the nboflavm present at 
the zero time penod was utilized completely before synthesis began, therefore, 
the rate of s>’nthe5is cannot be measured directly However, the amount of 
nboflavm sjmthesized m excess of the amount utilized can be measured and is 
designated m this paper as the rate of mcrease of nboflavm As the values for 
the rate of mcrease of nboflamn that would be obtamed on a per-cell basis are 
so small, the results m this paper are expressed on a per-10,000,000-ceU basis 
The rate of mcrease of nboflavm was found to be highest dunng the lag phase 
This was to be expected as the penod of “physiological youth” occurs dunng this 
phase and the higher rate of metabohc activity gomg on at this tune would cause 
a subsequent mcrease m the amount of nboflavm present 
The total amounts of nboflavm found present at each tune mterval are not too 
significant by themselves However, when they are converted to a rate of 
mcrease expressed m terms of 10,000,000 cells per hour and compared over a 
penod of 48 hours, they mdicate the general trend In each case there is a 
definite mdication that the highest rate of mcrease of nboflavm is dunng the 
lag phase, and that a higher rate of mcrease occurs when sulfathiazole is present 
m the medium m concentrations of 1 mg per 100 ml of medium 

There appear to be at least two possible explanations for this higher rate of 
increase of nboflavm occurnng when sulfathiazole is present m the culture 
medium This mcrease may be due to a stunulatmg effect by this concentration 
of the drug on the enzyme system responsible for nboflavm synthesis, or to the 
drug’s preventmg the bactenal cell from utihzmg the nboflavm As the enzyme 
system concerned with nboflavm ssmthesis is one of a cham of enzyme systems 
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involved m bacterial respiration, an inactivation of one of these enzyme systems 
by the drug would inliibit the utilization of a product of another system in the 
chain This would cause a higher concentration of the product to be present m 
the cell and a subsequent inciease m its amount in the substrate As the pioc- 
esses involved aie of a veiy complicated nature, it is rather difficult to ascertam 
at this time which, if any, of these theories aie correct 

summary 

Wlien Proteus vulgaris and Bacillus subtihs are giown m synthetic media, the 
highest rate of increase of riboflavin occurs durmg the lag phase of growth 
"When sulfathiazolc is added to the medium m concentrations of 1 mg per 100 
ml of medium, a higher rate of increase of nboflavm ocems duimg the first 6 
hours of growth 
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THREE NEW SPECIES OF THE GENUS CLOSTRIDIUM 
ROBB SPALDING SPRAYi 

The School of Medicine, IPesi Virginia Untverstiy, Morgantown, West Viiginia 
Received for publication March 9, 194S 

At the last meeting of our society m Philadelphia a bnef description was pre- 
sented of three interesting species of the genus Clostridium (Spray, 1947) that had 
apparently not been previously identified To these were assigned names pre- 
sumed to be suitable to their morphologic and physiologic characters Time did 
not permit their full description, and it is the intention to give here more detail, 
following the form used in Bergeij’s Manual of Determinative Bacteriology In 
addition to the routine description certam reactions reported by the author 
(Spray, 1936, 1937) are included 

These tliree species were isolated from the sources indicated below, by methods 
given in the previously mentioned publications, including various procedures of 
enrichment, with subsequent use of the anaerobic dish proposed by the author 
(Spray, 1930) 


CLOSTRinnjM NAXJSKUM N SP 

This species was isolated thrice from topsoil of the University campus Soi^ 
samples were shaken in tubes of sterile tap water and heated for 10 minutes at 
80 C, then inoculated into freshly boiled and cooled tubes of Difco brain liver 
heart (semisohd) medium covered with a heavy oil After some 48 hours’ in- 
cubation at 37 C several tubes yielded a most nauseating odor, far beyond that of 
ordinary putrefaction 

Stains from these cultures revealed several morphologic types The cultures 
were then plated in Difco hver veal agar and incubated at 37 C in the anaerobic 
dishes The same nauseous odor was observed upon opemng several dishes, and 
a variety of well-isolated colomes were fished, with the aid of a wide-field binocu- 
lar, to the semisohd medium under oil seal Microscopic and cultural studies 
later revealed some of these cultures to be Clostridium perfringens and Clos- 
tridium tertium, but several fished from nunute, lenticular, creamy colomes proved 
to be the organism m question, beyond doubt, from its charactenstic odor 

C nauseum n sp Rods, 08 to 11 by 60 to 120 microns, with rounded ends, 
occurring singly, m pairs, and in short chains of 4 to 6 cells Actively motile, 
especially m young cultures m semisohd medium, with numerous peritrichous 
flagella Spores ellipsoid to elongate, subtermmal, distinctly swelling the rods, 
often becoming apparently terminal at maturation Gram-positive m early 
vegetative stage, but gram-negative at sporulation 

Gelatin (or iron-gelatm) Very slowly hquefied, softened at 14 days, com- 
pletely hquefied at 30 days, not blackened even in the presence of an iron strip 

* Professor Emeritus Present address Box 742, Cumberland, Wisconsin 
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Agar surface colonies (anaerobic) Minute, transparent, flat, shghtly lobate 
Agar deep colonies Minute, lenticular, entire, whitish to creamy 
Blood agar not hemolyzed 

Milk (with iron stnp) Sohdly coagulated at 4 to 5 days, clot shnnks slowly, 
but without gas, blackening, or digestion Evidently a rennet curdhng, since 
the whey reaction was neutral to litmus 
Indole Questionably formed, if so, obscured by an abundance of skatol Mer- 
captan IS foimed, together with other aiomatic, putnd mtrogenous compounds 
not yet identified 

Acid and gas from glucose, fructose, and maltose Sucrose, lactose, muhn, 
mannitol, sorbitol, glycerol, and inositol are not fermented 
Nitrates are not reduced to mtntes 
Coagulated albumin not hquefied 
Blood serum not hquefied 

Brain medium (Hibler) Blackened but not visibly digested 
Lead acetate agar or peptone non agar (Difco) Blackened in 24 hours 
Nonpathogeme for white mice, guinea pigs, and rabbits 
Optimum temperature Not determined, but grows well at both 37 C and at 
room tempeiature 

Outstanding character The extremely nauseous, fecal odor, due apparently to 
some presentl3^ unidentified aromatic mtrogenous compound 
Stnctly anaerobic 
Source Thnce isolated from soil 
Habitat Not known other than m soil 


CLOSTHIDIim anCROSPOBDM N SP 

A tiny navicular organism isolated with considerable difficulty from a fatal case 
of pentomtis The peritoneal fluid, at autopsy, was pecuharly foul Stains 
showed the usual mixed flora, but also a few tiny navicular rods with sharply 
pointed ends and tiny spherical, central to eccentric, spores that shghtly swelled 
the rods Spores of other anaerobes were more abundant, together with the usual 
mixed nonsporulating aerobic flora By selective heating the latter was elimi- 
nated, leaving apparently only three forms, later identified as C -perfringens, C 
terliwn, and the tiny navicular oigamsm in question By passage through milk 
(followed by heating) C -perfringens was eliminated After plating the milk and 
mcubating it at 37 C for 72 hours, tiny pin-point colomes were obseived among 
the larger colomes of C tertium, and finally after some 32 days’ effort pure cultures 
of the desired orgamsm were isolated 

C microsjiorum n sp Rods, 0 8 by 2 0 to 4 0 nucrons, occasional long, 
pleomorphic filaments, distmctly vacuolate, especially in old cultures, occurring 
smgly and m pairs but not in long chams Orgamsms navicular and sharply 
pomted at both ends Spores tiny, spherical, central to shghtly eccentnc, and 
shghtly swelling the rods Actively motile particularly by a spinmng movement 
with httle progressive motion Presence, number, or position of flagella not 
detected 

Gelatm (or iron-gelatm) Not hquefied nor blackened 
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Agar surface colonies (anaerobic) Tiny, almost imperceptible, transparent 
dewdrop colomes, very slightly raised, with entire edge, visible only after some 
48 hours’ incubation 

Agar deep colonics Tiny, 0 5 to 1 0 mm, lenticular, with smooth entire edges, 
whitish-translucent (smaller and less opaque than C ierlium) Growth per- 
ceptible only after some 72 hours’ incubation 
Blood agar not hemolyzed 

Milk (with iron strip) Fine and constant evolution of gas bubbles for many 
days, but no coagulation after 22 days’ mcubation Medium slowly grayed but 
not blackened 
Indole IS not formed 

Acid and gas from glucose, maltose, and galactose Lactose, trehalose, rham- 
nose, raffinose, dulcitol, and inositol are not fermented 
Nitrates aie not reduced to mtrites 
Coagulated albumin not hque&ed 
Blood serum not liquefied 

Brain medium (Hibler) Not blackened nor digested, even m the presence of 
an iron strip 

Lead acetate agar or peptone iron agar Not blackened 
Nonpathogenic for white mice, gmnea pigs, and rabbits 
Optimum temperature Not determmed, but grows better at 37 C than at 
room temperature 

Outstanding characters The minute size, navicular pomted form, and the tiny 
spherical, central to eccentric spore 
Strictly anaerobic 

Source Isolated only once from the abdommal contents of a fatal case of 
peritonitis 

Habitat Not known other than this single source 

CLOSTRIDIUM GUMMOSUM N BP 

A large, blunt rod, evidently a member of the “butyric group” from its later 
description It was isolated without great difficulty, once from a case of gaseous 
gangrene, once from adult normal human feces, and once from feces of a normal 
infant of some 9 months’ age The colonies simulated those of C perfrmgens, 
but further study quickly revealed active motihty, abundant and early sporula- 
tion, and the absence of a capsule Its fermentation pattern soon distingmshed 
it as differmg entirely from that of C peifnngens, nor did this pattern check with 
that of any of the described species of the “butyric” anaerobes 
It did display the typical “stormy fermentation,” especially m iron-milk 
(Spray), but so also do many other of the “butyncs,” particularly when heavily 
moculated However, it was soon observed that both the surface and, especially, 
the subsurface colomes were extremely mucoid m contrast to those of other 
members of the group On the basis of these observations of the markedly 
gummatous character, and the failure of the fermentation pattern to fit mto that 
of any known species, it is presented as 
C gummosum n sp Large rods, 0 8 to 1 0 by 4 0 to 8 0 microns, smgle and m 
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pairs, not in chains bponilation active at 24 to 48 hours, spores eccentric 
chiefly subtei-minal, large ovoid to elongate, markedly swelling the rods Moder- 
ate motihty, increasing m activity up to 48 hours 
Gelatin (or iron-gelatm) Not liquefied nor blackened at 19 days 
Agar surface colonies (anaerobic) Large, round, convex, edge entire, veiy 
ghstemng and mucoid 

Agar deep colonies Large, lenticular to buckwheat (C perjnngens type) 
White to creamy , very viscid to rubbery mucoid, entire colony dissected from the 
medium, or dragged unbroken by needle through 2 per cent agar (subsurface 
colonies) 

Blood agar not hemolyzed 

Milk (with iron strip) Slow fermentation, with a stream of fine gas bubbles, 
coagulation at 18 to 20 hours, with the coagulum tom and forced to the surface 
No digestion or blackemng even upon prolonged incubation 
Indole IS not formed 

Acid and gas from glucose, maltose, galactose, and manmtol Lactose more 
slowly fermented Sucrose, salicin, dulcitol, and inositol not fermented 
Nitrates are not reduced to mtntes 
Coagulated albumin not hquefied 
Blood senim not liquefied 

Brain medium (Hibler) Not blackened nor digested, even m the presence of 
an iron strip 

Lead acetate agar or peptone iron agar Not blackened 
Nonpathogemc for white mice, guinea pigs, and rabbits 
Optimum temperature Not determined, grows well at both 37 C and at room 
temperature 

Outstanding character The extremely gummatous character of the submerged 
colonies 

Stnctly anaerobic 

Source Isolated once from gaseous gangrene and twice from normal human 
feces (adult and infant) 

Habitat Not determined other than from these sources 

SUMMABY 

A detailed descnption is presented of three anaerobic species that are believed 
not to have been previously isolated or identified To these there have been 
assigned names appropriate to their morphologic and physiologic characteris- 
tics, namely, Closindtum museum, Clostridium microsporum, and Clostridium 
gummosum 
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Penicillinase, an enzyme that destroys pemcillm (Abraham and Cham, 1940), 
IS produced by a wide variety of bacteria (Bondi and Dietz, 1944a) Consider- 
able vanation is encountered among these orgamsms as to theur susceptibihty to 
penicillin (Bondi and Dietz, 19446) Some strains that produce this enzyme are 
susceptible to pemcilhn (Bondi and Dietz, 1946) It appeared worth while to 
study a wide variety of such orgamsms to determine further the factors that 
influence their susceptibihty 

EXPERIMENTAL PROCEDURES 

The susceptibiht}’' of the vanous orgamsms studied was determined by a tube 
dilution techmque Series of tubes of 1 0 per cent tryptone broth carrying two- 
fold concentrations of pemcilhn ere inoculated with 18- to 24-hour broth cultures 
of orgamsms under mvestigation Crystalhne potassium pemcilhn G was used 
throughout the work Smce inoculum size has been shown to influence the 
susceptibihty of these orgamsms (lUrby, 1945, Luria, 1946), at least three dif- 
ferent inocula were tested The tubes were mcubated at 37 C, and growth was 
read in 24 and 48 hours All cultures studied were strains that had been main- 
tained m a laboratory stock culture collection for several years on veal infusion 
agar slants 


EXPERIMENTAL RESULTS 

Table 1 shows the results of susceptibihty tests on two gram-positive and two 
gram-negative pemcilhnase-producing orgamsms For companson, the results 
of similar tests on one gram-positive and one gram-negative non-pemcilhnase- 
producing orgamsms are shoira A sharp difference m susceptibihty is encoun- 
tered between the two groups of organisms that produce the enzyme Small 
mocula of the gram-positive strains are quite susceptible In fact, mdividual 
cells of these orgamsms have the same order of susceptibihty as do those of 
Staphylococcus H, which does not produce pemcilhnase Larger inocula are less 
sensitive because of the more rapid multiphcation of the cells resulting in greater 
production of enzyme and the subsequent rapid destruction of pemcilhn (Kirby, 
1945) S imil ar residts are obtained when these large mocula consist of washed 
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TABLE 1 

The suscepizbihly of pentciUinase-producing bacteria 


oacAKisu 


INOCOLnU 


INHIBITION Ot OSOWIH BT PENICHilN— DNITS/uL 




None 

mm 

■ 

■ 

IBS 

IKS 

IS 


nn 

m 

2Q 

« 

Staphylococcus 163 

io-» 

4* 

4 

4 

4 

4 

4 

4 

■ 

2 





10-3 

4 

4 

4 

4 

— 



— 








10-5 

4 

4 

4 

— 

— 

— 

— 

— 

— 

— 



B anthracis “E” 

io-» 

4 

4 

4 

4 




_ 

_ 






10-3 

4 

2 

— 

— 

— 

— 

— 

— 







1 

10-5 1 

4 

— 

— 

— 

— 

— 

~ 

— 


~ 



Staphylococcus Hf 

10-‘ 

4 

4 

2 

— 

— , 

1 

1 

^ 1 


; 



1 

10-3 

4 1 

2 i 

1 

' 




— 

— 

— 1 




10-5 

4 

2 

— 

— 1 


j 

— 

1 ~ 

— 

— i 

1 

1 


Shigella dysentenae 

n 

4 

1 

4 

1 

4 

1 

4 

4 

4 

4 

1 

4 

4 

4 

2 

— 



' 4 

4 

4 

4 

4 

! 4 

‘ 4 

4 

' 4 

' 4 

— 

1 


■■ 

4 

4 

4 

4 

4 

4 

4 

4 

; 4 

' 

— 

1 

E coll 

lO-i 

4 

4 

4 

4 

‘ 4 

4 

4 

4 

4 

4 

4 

2 


IQ~1 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

— 


10-5 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

— 


E typhosa\ 

m 

4 

4 

4 

4 

4 

4 

4 

2 

— 

— 

— 

— 



4 

4 

4 

4 

4 

4 

2 

— 

— 

— 

— 



10-5 

4 

4 

4 

4 

4 

4 

2 

— 






• 4 = no inhibition of growth, 2 = partial inhibition of growth, — = complete inhibition 
of growth 


t Do not produce penicillinase 


TABLE 2 


The susceptibility of pentcillinase-producing gram-positive bacteria 


OUCAKIStf 

XNniBITINC CONCENTSATION OF PENICILLIN TOITS/UI. 

0 1 ml moculum dilutions 

Uodil 

1 K io-‘ 

l X 10-' 

1 X 10^ 

Staphylococcus 7729 

Staphylococcus 161 

B anthracis B 

B anthracis Y 

B cereus 

Bacillus sp 

Bacillus sp 

B megatherium. 

>10 0 
>10 0 

2 56 

1 28 
>10 0 
>10 0 
>10 0 

1 28 

B 0 

5 0 

0 32 

0 08 
>10 0 
>10 0 

0 64 

0 02 

1 

1 28 

0 40 

0 02 

0 02 

5 0 

2 5 

0 16 
<0 02 

0 16 

0 16 
<0 02 

1 28 

<0 02 


cells, indicating, as shown by Lnria (1946), that the greater destruction of peni 
mllin IS not due to carry-over of peniciUinase in the inocula 
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The same relationship does not hold true for the gram-negative bacilh that 
produce pcmcillinase Inoculum size does not influence their susceptibflity to 
the extent that it does the gram-positive orgamsms Small mocula are not 
susceptible Although production of this enzyme probably contributes to the 
resistance of these orgamsms, it is not the primary factor Some other mech- 
amsm common to all gram-negative organisms, with the exception of Netssena 
gonotrheae and Neisseria inlracellulans, is primarily responsible for their resis- 
tance 

Table 2 shoivs the susceptibihty of a number of additional gram-positive 
bacteria The effect of inoculum is evident A wide variation m susceptibihty 
IS apparent Some cultures, such as Bacillus megatherium and Bacillus anihracis, 
are highly susceptible when smaller mocula are tested Others, such as Bacillus 
cereus, are resistant 


TABLE 3 

Tha relationship of susceptibility to quantitative penicillinase production 


'4 


PENICIUIH— DNITS/Ut 

QZCAlflSU 

iMocxn.uu 

0 1^ 

Inhibiting 

concentration 

Destruction/ml* 



2i hr culture 

96-hT culture 

Staphylococcus 161 

10-* 

6 0 

15 36 

22 0 


i(r‘ 

0 40 




10-* 

1 

0 16 



B megatherium 

■SB 

0 02 

7 67 

76 8 



<0 02 




10-» 

<0 02 

1 

1 


B cereus 

■SB 

>10 0 

7 68 

29 4 



5 0 




■SB 

1 28 




• Incubation for 1 hour at 37 C 


It appeared hkely that susceptibihty was related directly to the ability of an 
orgamsm to produce pemcillinase quantitatively To obtain evidence of this, 
24- and 96-hour broth cultures of three orgamsms with varying degrees of sus- 
ceptibihty were assayed for pemcilhnase by a method previously described 
(Bondi and. Dietz, 1944a) These results are shown in table 3 Enzyme pro- 
duction IS expressed in terms of the amount of pemcillin destroyed by 1 0 ml of 
the culture The susceptibihties of these cultures are likewise shoivn for com- 
parison It IS apparent that there is not a direct relation between the amount 
of pemcfllmase produced by an orgamsm and its susceptibihty to pemcillin 
Bacillus megatherium, which is the best producer of the enzyme, is the most 
susceptible of the three cultures tested The resistance of these orgamsms does 
not appear to be directly related to their abihty potentially to produce large 
amounts of the enzyme 
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Organisms vary considerably m the speed with which they produce pemcil- 
hnase As shown in table 3, the yield of penicilhnase from a culture of B mega- 
Ihenum was increased tenfold by incubation for 4 days It seemed hkely that 
the speed with which an orgamsm produced this enzyme and the subsequent 
rapid destruction of pemcillin had a direct bearing on its susceptibility to peni- 
cillin Evidence for this is shown in table 4 At intervals shortly after a senes 
of tubes contaimng twofold concentrations of penicillin had been moculated with 
varying inocula of these organisms for susceptibility testing, assays were made 
from certain of the tubes for residual pemcillin The results of the assays from 
the tubes containing 5 0 umts per ml 1, 2, and 4 hours after inoculation are shown 
It IS evident that there is a correlation between resistance and the rapidity of 
pemcilhn destruction B megaihenum, the most susceptible of the orgamsms 


TABLE 4 


The relattofishtp of susceplibiliiy to speed of production of penicillinase 


OfiGAKISU 

INOCTTLUll 

0 X UL 

INHIBITING 

CONCENTRATION, 

UNITS/IU. 

TEN1C1LL1N~S 0 UNITS/JIE BROTH 

1 hr 

Units/ml left 

2 hr 

1 4 hr 

1 

Staphylococcus 161 

Undil 

>10 0 

2 9 

None 

— 


io-> 

5 0 

4 9 

4 6 

BIH 


io-< 

1 1 

40 j 

5 2 

5 0 


B megatherium 

Undil 

1 28 

4 7 

4 2 

3 0 


' 10-2 

02 

5 0 

4 9 

4 8 


10-* 

< 02 

5 3 

5 1 

4 9 

B cereus 

Undil 

mM 

1 75 

None 

— 


10-2 


4 80 

4 9 



10-‘ 

■n 

5 30 

5 2 

■■ 


studied m this fashion, destroyed relatively small amounts of pemcilhn dunng 
the short intervals tested B cereus, however, which is resistant, rapidly de- 
stroyed the 5 0 umts present 


DISCUSSION 

Undoubtedly, pemciUmase production contributes to the resistance of a giam- 
positive orgamsm to pemcilhn The degree of its resistance depends upon the 
abihty of the orgamsm to produce the enzyme rapidly rather than upon its abihty 
potentially to produce large amounts of it If a sufficient amoimt is produced 
by an orgamsm to destroy the antibiotic present soon after contact, growth 
rather than inhibition of the orgamsm takes place 

Individual cells of many gram-positive pemcilhnase-producing orgamsms are 
as susceptible to pemcilhn as are those of orgamsms that do not produce the 
enzyme The therapeutic effectiveness of pemcilhn in the treatment of an infec- 
tion due to such an orgamsm, apart from dosage, will depend not only upon the 
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number of organisms present but upon the speed with which they produce the 
enzyme Antlirax, caused by a gram-positive pemcillmase-producing orgamsm, 
has responded well to pemcilhn therapy (Murphy, LaBoccetta, and Lockwood, 
1944) In viiro tests have shown that B anlhracis is a very slow producer of 
pemciUinase and consequently is susceptible, particularly when small inocula are 
tested 

Pemcilhnase production likewise contributes to the resistance of the gram- 
negative pemcillmase-producing organisms However, some other basic factor 
common to most gram-negative organisms is primarily responsible for their resist- 
ance The nature of this resistance is unknown 

SUMMARY 

The susceptibihty to pemcilhn of a wide variety of pemcilhnase-producing 
orgamsms is reported 

Considerable variation m the susceptibihty of the gram-positive orgamsms is 
observed, individual cells of some of these cultures are highly sensitive The 
degree of resistance of these orgamsms is related to the speed with which they 
produce the enzyme rather than to the amount that they produce 
Although production of this enzyme may increase the resistance of gram- 
negative orgamsms, it is not the primary factor in their resistance to pemciUin 
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In a previous pubbcation Bondi and Dietz (1947) reported that vanous factors 
could influence the susceptibility of penicilhnase-pioducing bactena to penicilhn 
The authors concluded that individual cells of certain organisms that produce 
this enzyme may be just as susceptible to pemcilhn as those of orgamsms that 
do not produce pemcilhnase In a contmuation of this study, the effect of sodium 
azide on the susceptibility of pemcilhnase-producmg orgamsms has been studied 
to determine further the mechamsms that influence their susceptibihty to this 
antibiotic 

Woodruff and Foster (1945) studied the effect of various agents on pemcilhnase 
activity and found feirous chloride, lodoacetic acid, and sodium azide to have an 
inhibitoiy effect Tivo groups of n oikeis, Benedict, Schmidt, and CoghiU (1945) 
and Henry and Housewright (1947), were unable to show an effect by sodium 
azide on this enzyme Tieffers (1946), m studying the potentiation of pemcflhn 
by vanous agents, concluded that sodium azide, lodoacetic acid, and many other 
compounds could enhance the action of pemcilhn without involving the inhibition 
of pemcilhnase 

The sodium azide used in this study was prepared from a 1 per cent stock solu- 
tion m sterile distilled water This solution was allowed to remam at room 
temperature overnight and added aseptically to 1 per cent tryptone broth to give 
the desired concentration Stock solutions of crystalhne potassium pemcilhn G 
in stenie sahne, 2,000 Oxford umts per ml, were kept frozen until used Fresh 
pemcilhn solutions, in the concentrations desired, were prepared from the stock 
solutions regularly 

The cultures of staphylococci studied weie taken either from a stock culture 
collection or isolated from routine hospital specimens Staphylococcus X-3 
“resistant” was obtamed by isolation of a resistant variant from the parent cul- 
ture by passage through broth contaimng increasing concentrations of pemcilhn 
The latter orgamsm did not gam the abihty to produce pemcilhnase 

Preliminary experiments were run to determine the highest concentration of 
sodium azide that would not appreciably affect the growth of the orgamsm tested 
This was accomplished by adding different concentrations of the chemical to 1 
per cent tryptone broth and inoculating sets of such broths with cultures of 
staphylococci From the results, summarized in table 1, 0 02 per cent sodium 
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azide was chosen as the highest concentration that could safely be used without 
lulling the oiganisms, although some inhibition of growth by this concentration 
was observed 

In the first senes of expenments, the pemcilhn susceptibihties of 6 strains of 
staphylococci (3 perucilhnase and 3 non-pemcillinase-producers) in the presence 
and absence of sodium azide were determined, as summamed m table 2 This 
was done by adding different concentrations of pemcillin to tubes of 1 per cent 
tryptone broth with and without sodium azide in final concentrations of 0 02 per 
cent, 0 01 per cent, and 0 005 per cent AU tubes were inoculated with a drop of 


TABLE 1 


Inhibition of growth of staphylococci by sodium azide 




1 caowrn inhibition by vabyinc concentbahons 

STAPHYLOCOCCUS 

DILUTIOK OP IMOCOLUil 



OP souruu AZllJE 




None 

O 

O 

o 

0 01% 

0 02% 

0 04% 

0 08% 

H 

Undiluted 

4* 

4 

3 

3 

2 




1/100 

4 

4 

3 

3 

2 

— 

X-3 “Susceptible” 

Undiluted 

4 

4 

4 

4 

3 




1/100 

4 

3 

3 

3 

H 

m 

X 3 “Resistant” 

1 

Undiluted 

4 1 

3 

3 

3 

H 

B 


1/100 

4 

3 

2 

i 

1 

H 

B 

No 446t 

Undiluted 

4 

1 

3 

' 3 

3 

3 

1 


1/100 

4 

3 

3 

2 

1 

— 

No 7815t 

Undiluted 

4 

4 

4 

4 

3 

— 


1/100 

4 

4 

4 

4 

2 

— • 

No 1752t 

Undiluted 

4 

3 

3 

3 

2 

— 


1/100 

4 

3 

3 

3 

1 



* 4 = no inhibition of growth, 3, 2, and 1 = varying degrees of inhibition of growth, 
— = complete inhibition of growth 
t Produce penicillinase 


a 24-hour broth culture of the orgamsm being studied or a 1 100 dilution of that 
culture An effect was observed with those staphylococci capable of producing 
pemciUinase that was not seen with those that did not The former were ren- 
dered approximately 15 times more susceptible to pemciUm in the presence of 
0 02 per cent sodium azide when large inocula were used The results with 
staphylococci, incapable of producmg this enzyme, are stnbngly different The 
latter orgamsms, if affected at all, became at most four times as susceptible as the 
controls The resistant variant of Staphylococcus X-3 behaved as the rest of the 
non-pemcilhnase-producers, despite its resistance to pemcillin The potentiation 
of pemcilhn on pemcifiinase-producing organisms is reduced when the inoculum 
IS small and the concentration of sodium azide is decreased 
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From Uic foregoing cxpeninent, it is concluded that sodium azide had an effect 
on penicilhiiosc-producing stapliylococci over and above that whjch may be 
exerted against nou-pemcillmasc-producers Tins seemed to indicate some inter- 
ference vith the enzyme by this cliemical 

T VBLE 2 


LjJccl of sodium azido on penicillin sensitivUrj of staphylococci 


rLSlClLLlNA^ rBODLCCftS 

NOH PENICILLINASE PEODUCEES 


Cone ol 
&odium 
a-Jtic 

Dilution of 
inoculum 

Inhibiting 
coocentra 
tion of pen 
icillm 
u/ml 

Staphylococcus 

1 

Cone ol 
sodium 
azide % 

Dilution of 
inoculum 

Inhibiting 
concentra 
tion of 
penicillin 
u/ml 

No 1752 

■ 


n 

H 



0 025 


n 


■b 




0 013 


0 01 

Undil 

102 0 


0 01 

Undil 

0 025 


1 

i(r* 1 

1 

0 4 



10-’ 

0 025 




102 0 


None 

Undil 

0 05 




0 8 

i 


10-’ 

0 025 

No 7990 

1 

0 02 

Undil 

1 

1 C 4 

X-3 

0 02 

Undil 

0 1 



io-> 

04 

“Susceptible” 


io-» 

X 


0 01 

Undil 

25 6 


0 01 

Undil 

0 10 



10-’ 

0 4 



10-’ 

0 05 


None 

Undil 

>102 0 


None 

Undil 

0 1 



10-’ 

0 8 


1 

10-’ 

0 1 

No 7768 

0 02 

Undil 

6 4 

X-3 

0 02 

Undil 

12 8 



10-’ 

0 4 

“Resistant” 


) 

o 

X 


0 01 

Undil 

12 8 


0 01 

Undil 

51 2 



10-’ 

0 4 



10-’ 

25 6 


None 

Undil 

■M 


None 

Undil 

51 2 



10-’ 

iBl 



10-’ 

12 8 


X = no growth in sodium azide control 


To study the mechamsm of action of sodium azide, experiments were run to 
correlate the rate of growth of pemcilhnase-producing organisms with the rate of 
destruction of pemcilhn To flasks contaimng 50 ml of 1 per cent tryptone broth 
Were added pemcilhn to give a final concentration of 0 75 umts per ml, and sodium 
azide to give the concentrations reqmred All flasks were then inoculated with 
0 5 ml of a 24-hour broth culture Samples were removed at intervals of 0, 1, 2, 
4, and 8 hours and heated at 60 C for 30 minutes to stop growth of the orgamsm 
and to inactivate the pemcillinase that rmght be present Pemcilhn assays were 
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run by the Oxford cup technique, and the percentage of destruction was calcu- 
lated Growth was simultaneously determined by measurmg optical densities 

TABLE 3 

Relationship of growth to penicillin destruction in the presence of sodium azide 


mtE DJTESVAl 


CONCENTRATION 
or NaNi 

CONCENTRATION 
OE PENICILLIN 1 
u/ml 

0 hr j 

Ihr 

2 hr 

4 hr 

8 hr 


Pea 
des % 

Opt 

den 

Pen 

des % 

Opt 

den 

Pen 
des % 

Opt 

den 

Pen 
des % 

Opt 

den 

Pen 
des % 

Opt 

den 


Straphylococeus 7768 


None 

None 


0 

i 

6 

1 

10 

M 

52 


129 

None 

0 75 

0 

4 

49 


100 

5 

mi 

9 

100 

111 


0 75 

0 

2 

0 


75 

1 

in 

4 

100 

5 


0 75 

0 

2 

0 

5 

100 

6 

HI 

5 

lOO 

54 


0 75 

0 

2 

49 

0 

100 

0 

100 

9 

100 

75 


Staphylococcus 1752 



TIME IN HOURS 

Fig 1 Bactbsicidai. Effects of Penicillin and Sodidm Azide Combined 


on a Klett-Summerson photometer Table 3 summanzes the results obtained 
With two strains of staphylococci S imil ar results were obtained with two ot er 
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strains of staphylococci It was noted that the penicilhn m flasks containing no 
sodium azide, or small concentrations of the chenucal, was destroyed more rapidly 
than the pemcilhn in flasks contammg higher concentrations of sodium azide 
Growth occurred after pemcilhn destruction, and the rate of growth varied with 
the speed with which pemcilhn was destroyed It was also observed that pem- 
cillin destruction occurred in the absence of detectable growth The concen- 
tration of pemcilhn used, 0 75 units per ml, was chosen because it afforded an 
experiment that could be concluded m one day The results of a similar experi- 
ment, using lugher concentrations of the antibiotic, were essentially the same 
except that the period of time for penicillin destruction and hence for growth to 
begin IS prolonged 

Since turbidimetric readings give evidence only of bacteriostatic action, bac- 
terial counts were made to study the bactericidal activity of pemcillm-azide 
combinations To flasks of 1 per cent tryptone broth m volumes of 50 ml con- 
tainmg either pemcilhn, sodium azide, or both, were added 0 5 ml of an undiluted 


TABLE 4 

Ejfccl of NaNi on sterile pentcilltnase of Staphylococcus 7990 


CONCEHTSATIQN OT 
PENICILLIN 
u/ml 

CONCENTRATION OF 1 


PENICILLIN DESTROYED) 

PESCENTACE 


Hhr 

Ibr 

2 hr 

3 hr 

4 hr 

0 75 

0 

36 

61 

73 

93 

100 

0 75 


20 

58 

86 

95 

100 

0 75 

0 01 

20 

63 

76 

86 

100 

0 75 

0 005 

20 

60 

67 

86 

100 


24-hour broth culture Bactenal counts were made at the end of 0, 1, 2, 4, and 
6 hours on extract agar These counts, shown m figure 1, demonstrate that 
sodium azide alone did not appreciably affect growth Pemcillin alone sur- 
pnsmgly caused a drop m count in the first hour of the experiment, but later the 
number of viable orgamsms followed a pattern resembhng that of the control A 
combmation of the two agents was followed by an appreciable drop m the total 
count that persisted for 24 hours 

From the results of these experiments, it is apparent that the destruction of 
pemciUm is delayed by the presence of sodium azide To determme whether this 
delay is due to direct mterference with pemcilhn activity or a slowmg up of the 
production of the enzyme the folloivmg experiments were run Sterile pemcil- 
hnase was prepared by the method of Harper (1943) from Staphylococcus 7990 and 
stored m sterile tubes One-half ml of this matenal was added to flasks of 1 per 
cent tryptone broth, contammg 0 75 umts per ml of pemciUm and varymg con- 
centrations of sodium azide Pemcfllm assays were run at §, 1, 2, 3, and 4 hours, 
and the penic illin destroyed was calculated 

From table 4 it is evident that the rate of destruction was the same m flasks 
contammg azide as m the control flasks Similar results were obtamed usmg 
pemcilhnase prepared from Staphylococcus 1752 These results mdicate that 
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sodium azide does not mterfere with the rate of destruction of penicilhn by pre- 
formed enzyme Therefore the action is probably due to a slowmg doiwi or 
mterference with the production of pemciUinase 

DISCUSSION 

There may be some synergistic or additive effect of combmations of sodium 
azide and pemcilhn on all staphylococci studied Over and above this effect, 
sodium azide renders pemcilhnase-producmg orgamsms more susceptible to pem- 
ciUin That the action of sodium azide is related to pemcilhnase is mdicated by 
its greater action on pemcilhnase producers than on the non-pemcilhnase-pro- 
ducers that are more susceptible to pemcilhn and equally sensitive to sodium 
azide It IS sigmficant to note that Staphylococcus X-3, which vitro was made 
resistant to pemcilhn but which did not gam the abihty to produce pemcdhnase, 
was not rendered sensitive in the presence of sodium azide 

Tivo possible mechanisms for the action of sodium azide seemed apparent at 
the begmnmg of this study Either the action of pemcilhnase was inhibited or 
the production of the enzyme by a growmg culture was suppressed The results 
obtamed indicate that pemciUm destruction by sterile preparations of the enzyme 
proceeds at the same rate legardless of the presence of sodium azide m the con- 
centration used This mdicates that the potentiatmg action of this agent is 
probably due to a suppression of the production of pemcilhnase by growmg 
cultures rather than to an inhibition of the enzyme Although sodium azide is 
much too toxic to be safely used in vivo, it is possible that a compound exertmg 
comparable activity but lower toxicity could be used effectively in conjunction 
with pemcillm to treat infections due to pemciUmase-producing staphylococci 

SUMMARY 

Sodium azide renders pemcilhnase-producmg staphylococci more susceptible 
to pemcilhn The action of this agent is not due to an mterference m the activity 
of pemcillmase as mdicated by its failure to act m this fashion on sterile prepara- 
tions of the enzyme Pemcilhnase production by a growmg culture of Staphylo- 
coccus IS suppressed by sodium azide 
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Until satisfactory synthetic media become available, a clear hqmd medium of 
defined composition that will support sustained growth from small mocula and 
provide large yields of cells v ould fill many needs Further study and exploita- 
tion of the properties of an aqueous extiact of blood cells have resulted m the 
incorporation of these characteristics into improved hquid media of the type 
devised by Tamura and Gibby (1943) The constituents of unknown composi- 
tion are the acid hydrolyzates of the selected protems and the blood cell extract 
(BCE) For this study we are not concerned with the composition of BCE but 
with certam of its properties and practical uses 
Preparation of blood cell extract Although satisfactory extracts were prepared 
from rabbit and horse bloods, most w ere made from human blood, using cells 
obtained from the hospital’s blood banlc Nine volumes of distdled w'ater were 
added to each volume of packed, unwashed cells The laked suspension was 
heated ivith constant stirnng and boiled for 3 minutes While a temperature 
between 95 and 100 C ivas maintained, concentrated HCl was added to brmg the 
pH to 6 3 After acidification this temperature was mamtamed for 5 mmutes, 
whereupon, while still hot, the coagulum was removed by filtration through 
fluted paper The fluid w'as refiltered through the same paper until the filtrate 
was clear The volume was recorded as filtrate A, of which each 10 ml repre- 
sented 1 ml of ongmal cells This filtrate was concentrated m a vacuum still to 
one-fiftieth or less of its volume The concentrate was restored to pH 7 0, heated 
to the boihng point, and filtered through paper until clear The filter wms well 
dramed, and the volume of the clear filtrate wms recorded as filtrate B This 
hqmd concentrate was used for current cultural needs The ratio of the volumes 
of filtrates B to A w'as used to calculate the volume of filtrate B that was reqmred 
per hter of medium to give a concentration of BCE of any desued percentage in 
terms of the ongmal packed blood cells For example, if filtrate A was concen- 
trated to one-fiftieth of its volume, each 1 ml of filtrate B was eqmvalent to 5 ml 
of blood cells Hence for a medium to contam 5 per cent BCE m terms of original 
cells, it reqmred 10 ml of concentrate per hter 
Storage of unstenhzed BCE concentrate at 5 C was unsatisfactory except for 
short periods Preservation wnthout loss of activity was accomplished either by 
rapid freezing and storage m a dry ice chest or by dehydration from the rapidly 
frozen state The lyophihzed matenal offered the advantages of safe storage of 
the ground powder m stoppered bottles and of gravimetric additions to media 

SS3 
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Basd medm Two basal media were used to study the metabohc properties 
01 xiL/lij Their formulas were 


Basal medium A 

Gelatin hydrolyzate to make N content 

Cystine 

Glycerol 

NaCI (total) 

NajHPOi 12 H 2 O 

KHjPOi 

MgSOi 

Basal medium B 

Gelatin hydrolyzate to make N content 

Cystine 

Glycerol 

NaCl (total) 


per L 

30g 
0 1 
60 
15 0 
0 625 
0 25 
0 025 

pert 

30g 
0 1 
5 0 
15 0 


Substitutions were made m basal medium B as foUows hydrolyzates of crude 
casern, vitamin test casern, or of a partly defatted soybean protem. for gelatin 
hydrolyzate, glucose for glycerol The hydrolyzates were prepared, with shght 
modifications, according to the method of Wilhams et al (1941) Smee neutral- 
ized acid hydrolyzates vaned m chloride content, it was necessary to determine 
chlorides (as NaCl) for each lot The difference between each detenmnation and 
the totals recommended m the media above must be made up by additional NaCl 
Most strams tested here grew better and faster with glycerol than with glucose, 
but some grew just as well with glucose, and an occasional stram seemed to prefer 
it All media were adjusted to an imtial pH of 6 9 unless otherwise stated 

Culture tubes Provision for a high ratio of surface to volume of media, and 
for frequent detenmnation of growth by means of the turbidity of cultures, was 
made by blowmg bulbs of 40 ± 1 mm diameter from the closed ends of IS-nun 
pyrex tubes, and by seahng 16-cm side arm tubes, made from selected p 3 Tex 
tubmg of 10 5 ± 0 12 mm outside diameter, mto the large tubes just above the 
level of the bulbs The distal ends of the side arms were sealed These side arm 
tubes fitted vertically mto the holder of a photoelectnc turbidity comparator 
Cultures could be tipped into the side arms at will for turbidity measurements 
without nsk of contamination 

Inocula for cultures Unless otherwise stated all mocula contained about 40 
milhons of thnee-w^ashed cells m 0 1-ml volumes They were prepared from 
24-hour cultures m gelatin hydrolyzate medium AH cultures were incubated at 
37 C Most woik was performed with strams Memp and Schu, occasionally 
others were used 

Method for quantitative determination of growth A fairly accurate approxima- 
tion of the number of bactena per umt volume was obtained with the photo- 
electric comparator desenbed by Krebs and associates (1942) Measurements 
of turbidity were obtained m terms of microamperes (M A ) Many virulence 
titrations m mice indicated that suspensions in 10 5-nim tubes, adjusted to 24 0 
M A , contamed 2 5 to 3 bilhons of bactena per ml Cahbration of the instru- 
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ment with dilutions of bacteiial suspensions, and with dilutions of standard 
silicate suspensions, show ed that M A readings weie almost directly proportional 
to turbidity throughout its range Table 1 indicates the approximate numbers of 
bacteria in suspensions with various M A readings 
Some ■physical and chemical piopeilies of BCE The color of dried extract 
varies from light yellow'-biown to light reddish-brown It is readily soluble m 
water Although its composition may vary fi om lot to lot, a large representative 
sample gave the following test results The biuret and xanthoproteic tests were 
faintly positive The Mohsch and Bial tests were strongly positive Benedict’s 
test was negative Sulfui and phosphorus were present, and mtrogen formed 
5 4 per cent of the dry w eight It was irreversibly reduced, with bleaching of 

lABLL- 1 


Approximate eqiiiialcnla of turbidity in microamperes measured in 10 B-mm tubes and 
numbers of Bacterium tularense 


Microomperea ' 

Bact /ml m millions 

2 5 

ISO 

4 

330 

6 

600 

8 

909 

10 

1,210 

12 

1,365 

15 

1,670 

20 

2,120 

24 

2,500 

30 

3,030 

36 

3,485 

42 

4,015 

50 

4,550 


color, by sodium hydrosulfite In 8 per cent aqueous solution there was no hght 
absorption m the visible spectrum 

Physiological properties of BCE, effect upon growth The addition of BCE to 
a basal medium that will not support growth of Bacterium tularense with large 
washed inocula gives it a capacity for sustained multiphcation from small washed 
inocula The growth-promotmg effects of ascendmg concentrations of a typical 
sample m basal medium A are shown m table 2 The moculum for each culture 
contained about 50 milhon orgamsms Media made from hydrochlonc acid 
hydrolysates of gelatin supported sustained multiphcation from washed inocula 
that contained from 5 to 10 orgamsms, to 5 ml of medium, on repeated testmg 
Identical media made with sulfuric acid hydrolysates or from hydrolysates of 
other proteins were not capable of imtiating growth from such small mocula 

Stabilizing effect of BCE on the pH of culture media One of the difficulties early 
encountered m the cultivation of this orgamsm m hqmd media was the extraor- 
dmary and unpredictable fluctuations of the pH of cultures In some cultures 
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end points of pH 4 8 were reached after 24 hours of incubation, invanably with 
very scanty growth In others, usually those with good growth, end points of 
pH 8 3 occurred, which caused cessation of multiphcation These difficulties 
with still cultures were magnified m degree and accelerated m appearance by 
either shaking or aeration The stabffizmg effect of BCE upon the pH after 72 
hours of mcubation is also shown m table 2, m which turbidity and pH deter- 
minations are tabulated against mcreasing increments of BCE m otherwise 
identical cultures Smce these pH determinations were made with bromthymol 
blue, it IS probable that the two upper readmgs were higher than the values 
actually reached 


TABLE 2 


The effect of increasing concentrations of blood cell extract on growth and on pB values 
in basal medium A after incubation for 72 hours 


BCE PEK CENT 

If A 

pH 

0 

5 

6 0 or less 

1 

23 

6 0 or less 

2 

32 

6 0 

3 

36 

6 2 

4 1 

39 

6 4 

5 

41 

6 6 

G 

40 

6 7 

7 

40 

6 7 

8 

43 

6 7 

9 

' 46 

6 8 

10 

47 

6 8 

12 5 

46 

7 0 

15 

49 

7 1 

17 5 

52 

/ 1 

20 

49 

7 1 


Many attempts were made to find smtable buffers to stabihze the pH ot grow- 
mg cultures Phosphate buffers that mamtamed reactions at or near neutrality 
m concentration of 0 03 m, but not m lesser concentrations, inhibited growth in 
concentrations above 0 02 m Carbonate and acetate buffers gave similar results, 
growth was approximately mversely proportional to the concentrations of the 
buffers Sodium glycinate did not inhibit growth, nor did it stabihze the pH 
Variations m concentrations of hydrolyzates of gelatm or of casein were also 
meffective No stabdizing buffer system was found that did not ad 'ersely affect 
growth It was even shown that the amounts of phosphates present m basal 
medium A were inhibitory, and that mcreased yields of cells were obtained after 
they and the magnesium salt were omitted, 

Smce BCE had revealed a stabihzmg effect upon the pH levels of growing 
cultures, its capacity was tested further by addmg it m 10 per cent concentration 
to basal medium B and makmg a duphcate senes of tubes with mitial pH values 
rangmg from 5 0 to 7 8 m steps of 0 4 Turbidity measurements and pH deter 
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minations were made daily for 3 days These measurements are shown m table 
3 and figure 1 lUl cultures within the imtial pH range of 5 8 to 7 8 developed 

TABLE 3 


Growth and pH changes of cultures with different initial pH values during 3 days of 
incubation in basal medium B containing 10 per cent of BCE 


iNiTiAi rH 

pH at 24 ns 

U A AT 24 ns 

pH at 43 ns : 

n A AT 43 ns 

pH at 72 HE 

n A AT 72 ns 

5 0 

4 8 

1 

4 8 1 

1 

2 

4 8 

2 

5 0 

4 8 

1 

4 8 

2 

4 8 

2 

5 4 

5 3 

1 

5 3 

2 

5 4 

2 

5 4 

5 3 

1 

5 3 

2 

5 4 

2 

5 8 

5 9 

10 

6 9 

27 

7 0 

37 

5 S 

5 9 

10 

6 9 

28 

7 0 

37 

6 2 

G 2 

10 

7 0 

2G 

6 8 

36 

6 2 

G 4 

10 

7 0 

27 

7 0 

38 

G 6 

G 9 

8 

6 9 

27 

7 0 

38 

6 6 

G 9 

s 

6 9 

27 

7 0 

38 

7 0 

7 0 

8 

6 9 

26 

6 8 

40 

7 0 

7 0 

8 

G 9 

26 

6 8 

39 

7 4 


3 

6 9 

18 

6 8 

33 

7 4 


5 

6 9 

19 

6 8 

37 

7 8 


3 

6 9 

10 


25 

7 8 

7 8 

3 

6 9 

10 


24 


UA pH 



Fio 1 The Graph at the Left Illustrates the Rate op Growth and the Terhinal 
Densities in Terms of iVIicRO uipehes of the Duplicate Gultures Whose Initial pH 
Values, AND Daily pH Values FOR 3D ATS of Incubation, Are Shown at the Right 

values that steadily approached neutrahty Those withm the 5 8 to 7 0 pH 
range multiphed rapidly and steadily Even those with imtial pH values of 7 4 
gave good yields after 72 hours although they grew more slowly The 7 S cul- 
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tures grew still more slowly and faded to give satisfactory yields Cultures with 
imtial pH values of 5 4 or less showed httle or no growth Further studies con- 
firmed that BCE alone supphed substances that not only markedly stuuulated 
growth but also stabihzed the pH of unbuffered gelatm or casein hydrolyzate 
cultures 

The mechamsm of pH stabiltzalion of cidiures by BCE The addition of BCE 
to umnoculated media does not alter the pH The remote hkehhood that it 
could serve as a buffer was shown to be untenable Serial tubes of basal medium 
B contaimng ascendmg quantities of BCE from 1 to 5 per cent were adjusted to 
a pH of 6 9, were moculated with washed cells and mcubated for 72 hours, where- 
upon turbidity, pH values, and titratable acidity values were detemuned Cul- 
tures contammg 1 per cent of BCE showed the least growth, the lowest pH values, 
and the highest titratable acidities With ascendmg quantities of BCE the 
determmations, recorded m table 4, showed progessively mcreased growth and 
pH values, and decreased titratable acidity values Cultures that contamed^5 

TABLE 4 


The effect of ascending concentraltons of BCE upon growth, pH, and titratable acidity 
after incubation for 3 days in basal medium B 
(The initial pH of the medium was 6 9) 


BCE PER CENT 

if A 1 

rH 

niSAIABLE* ACIDIIV 

1 

21 

5 1 

2 00 

2 

31 

5 5 

1 50 

3 

34 

5 8 

0 75 

4 

39 

6 1 

0 50 

5 

40 

6 3 

0 25 


* Ml of 0 01 N NaOH required to titrate to pH 6 9 


per cent BCE showed a fall m pH from 6 9 to 6 3 m 72 hours, and 0 25 ml of 0 01 
N NaOH were required to restore the pH to 6 9 Chiltures that contained 1 per 
cent of BCE showed a fall m pH from 6 9 to 5 1 durmg the same penod, and 
required 2 0 ml of 0 01 N NaOH to restore the pH to 6 9 If BCE had exerted a 
direct buffenng action the cultures contaimng 5 per cent should have produced 
as much, if not more, titratable acid as did the cultures contaimng 1 per cent 
BCE, whereas the latter actually produced eight tunes as much Hence the 
bufferhke action of BCE on growing cultures is a result of its effects on bacterial 
metabohsm, apparently dependent upon some component of the extract that 
accelerates ammo acid utihzation with resultant formation of base, this process 
keepmg pace with and offsettmg the effect of acid production from carbohydrate 
oxidation, mcludmg glycerol, if an appropnate concentration of BCE is present 
Repeated tests failed to detect a trace of volatile base during the growth of still 
or aerated cultures that became progressively more alkalme 
Dialyzabihty and heat stability of the metabolically active components of BCE 
Dialysis of BCE m a cellophane sack against distilled water m a small vessel 
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disclosed that both the giowth-promotmg and the pH-stabihzing components 
disappeared from the sack and appealed in the dialyzate within 24 hours 

A sample of concentiated liquid BCE was adjusted to pH 6 9, brought quickly 
to boiling, and then lapidly cooled in running water The precipitate was sedi- 
mented by ecntiifugation A portion of the supernatant was removed for assay, 
and the remainder v as autoclaved for 10 minutes at 10 pounds pressure The 
precipitate was sedimented from the autoclaved portion, and the supernatant 
was removed for assaj'’ Each supernatant was added m increasing amounts to 
separate series of tubes containing basal medium A, all tubes were adjusted to 
pH 6 9, and inoculated together with a third series contaimng identical quantities 
of unlieated BCE The 72-hour growth yields and the pH values at 24, 48, and 
72 hours for each comparable BCE concentration were identical for the boiled 
and the unheated extracts Tlic growth yields of the autoclaved series, for each 
level of BCE used, i\ cie about one-third less than those of the correspondmg tubes 
of the other senes, and the pH values fell in all tubes to 6 0 or below by 48 hours 
Momentary heating to the boihng point did not dimimsh metabohe activity of the 
extract, but autoclaving near neutrahty destroyed almost all of the pH-stabihzmg 
component 

Other natural sources of substances with properties similar to those of BCE A 
search for substances ivith grow’th-promoting and pH-stabihzmg properties 
similar to those of BCE revealed that these functions were present, though to 
lesser degrees, m extracts prepared from powdered egg yolk, hver cake, yeast, 
leaf mold, and compost heaps, and maish and river muds The extracts were 
tested m basal media by substitution for BCE 

Cultural conditions for successful cultivation in liquid media The demand for 
a free supply of oxygen must be satisfied Vessels for still cultures must provide 
a high ratio of surface area to volume of medium Suboptimal growth is inevi- 
table from all except large inocula if the medium is dispensed in 5-ml amounts m 
the usual 18-inm tubes Growth is still poorer if larger volumes are used Tubes 
of 25-mm diameter are satisfactory for 5-ml cultures Cultures in larger volumes 
should be grown m Erlenmeyer flasks, using a size that for the desired volume of 
medium will give a layer of fluid not more than 5 to 8 mm deep 

Aqueous solutions of BCE deteriorated at refrigerator temperatures Poor 
or irregular growth resulted from solutions held at 5 C for 6 days They are 
more stable in complete media and will hold in that form for 2 weeks at 5 C The 
preferred dehydrated powder maintamed its activity for many months at room 
temperatures in tightly stoppered bottles 

DISCUSSION 

Cultures of Bacterium tularense on sohd, or in hquid, media produce acids from 
fermentable carbohydrates, including glycerol, and nonvolatile bases, piesumably 
ammes, from ammo acids The reaction of the inoculated medium at any time 
represents the relative differences in magmtudes and velocities of these processes 
Betermmations of the pH of cultures may or may not betray evidence of carbo- 
hydrate utihzation, they are treacherous and unsuitable methods for that pur- 
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pose The abihty of the organism to produce either acidic or aJkahne end points 
in similar media, and indeed first one and then the other during cultivation on a 
single medium, was also noted by Downs and Bond (1935) and by Francis (1942), 
who studied the utihzation of carbohydrates by means of mdicators Growth 
on highly buffered media is seldom restncted by fluctuations m pH, but m nutn- 
tionally adequate but unbuffered hqmd media most failures to obtain good yields 
result from high concentrations of hydrogen or hydroxyl ions In the absence of 
a buffer system that does not of itself restrict growth it is impossible to say that 
limitation of growth is not due to exhaustion of an essential substrate or enzyme 
activator, or possibly to an accumulation of inhibitory end products Smce the 
addition of BCE to hquid cultures that have ceased to grow in the presence of a 
low pH permits rapid and progressive multiphcation for an additional 5 days at 
37 C, the importance of waste products is minimized, but, owmg to our incom- 
plete knowledge of the composition of the extract, it does not permit discrimina- 
tion between the effect of an enzyme activator and the exhaustion of an essential 
substrate that may be present in the extract However, there is convincing 
evidence that regulation of the reaction of hquid media withm the noninhibiting 
pH range of 6 4 to 7 6 can be effected by appropriate quantities of BCE, and that 
this regulation depends upon umdentified components that permit the orgamsms 
to produce constantly a sufficient quantity of base from ammo acids to offset acid 
production from concurrent oxidation of glucose or glycerol 

Exclusive of substances present m basal media, mcluding those made from 
hydrolyzates of vitamm test casein, BCE apparently supplies all other substrates 
and growth factors in quantities and proportions that make the complete medium 
a close approximation to the nutntional needs, for no other simple medium has 
produced comparable ceU yields per luut of tune from such small mocula m still 
cultures 

The presence m leaf molds, and m marsh and nver muds, of substances with 
properties similar to those of BCE offers support to the hypothesis suggested by 
Parker, Steinhaus, and Kohls (1943) that even such an organism as Bacterium 
tularense, generally considered to be fastidious m its nutritional reqmrements, 
might, under smtable conditions, persist and multiply m nature outside of animal, 
msect, and arachmd hosts Subsequent to the epizootic of tularemia among 
beaver that was reported by Jelhson, Kohls, Butler, and Weaver (1942), Parker 
and his associates demonstrated a prolonged and heavy contammation of nver 
waters m the Northwest that could not reasonably be attributed to successive or 
contmuous wild hfe sources They showed that marsh mud contained cystine, 
and that the orgamsm persisted m naturally contammated, refngerated mud for 
12 weeks The extracts that we prepared from samples of marsh and nver muds 
sent by Dr Paiker contamed moderate amoimts of substances with cultural 
properties similar to those of BCE Hence, from a nutritional viewpoint there 
IS httle reason to doubt that Bacterium tularense could mamtam itself in muds, 
and possibly even m waters, m the absence of any living host Smce 2 per cent 
NaCl IS not inhibitory to growth, mamtenance of the organism is possible in muds 
covered or bordered by waters of considerable salmity 
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The media described here, made from acid hydrolyzates of gelatin, soybean 
protein, casein, or vitamin test casein, and containing 200 to 300 mg per cent of 
deliydratcd BCE, do not neutralize the actions of sulfonamides, PABA, pemcillm, 
or streptomycin ''i\^icn used with suitable conditions of cultivation they are 
capable of largo bacterial yields Since all constituents of these media are 
dialyzable, quantities of cells sufficient for chemical or other analyses are obtain- 
able with relative case and are entirely free from foreign matenals 
The simplest complete medium permits continuous subcultivation at room 
temperatures with wceUy transfer of 0 1 ml of culture to 5 ml of fresh medium 
with httle loss of virulence Strain Memp was mamtamed contmuously in this 
medium for more than 2 years 


SDlBLARy 

An aqueous extract of blood cells provided substances that effected a metabohe 
stabihzation of the pH, and supported excellent growth of Bacterium tularense 
from small inocula in simphfied, unbuffered, hqiud media The simplest medium 
contamed four mgredients other than the extract and water This medium is 
smtable for many strains and many purposes, mcludmg the production of large 
quantities of bacterial cells free from all foreign matenal 
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In previous papers (Dunham and Rake, 1948, Rake, 1948) it has been pointed 
out that a certain percentage (14 per cent) of sera from individuals with chrome 
superficial nonspecific ulceration (decubitus or vancose) show positive and ap- 
parently specific complement fixation with antigen prepared from Donovama 
granubmalis, the etiological agent of granuloma mgumale It has also been 
shown (Rake, 1948) that sera from individuals with granuloma inguinale show 
positive and apparently specific complement fixation with antigen prepared from 
Klebsiella pneumoniae m the same manner as that used for preparation of the 
antigen from D granulomalis It was suggested at that time that the results 
indicated antigemc relationship of the new genus Donovama to Klebsiella, and 
further exploration of possible relationships withm the tribe Eschencheae vfas 
promised (Rake, 1948) The apparent false positive complement-fixation re- 
actions m individuals with chrome ulceration were thought to depend on second- 
ary infection of their wounds with orgamsms showing such antigemc relation- 
ships (Rake, 1948) In the present paper results are presented with antigens 
prepared from Klebsiella rhinoscleromatis, Escherichia coli, and Aerobacter aero- 
genes, and tested in the complement-fixation test along with antigens from D 
granulomalis and K pneumoniae 

MATERIALS AND METHODS 

Preparation of the antigens from D granulomalis and K pneumoniae have 
been desenbed elsewhere, as has the techmque of the complement-fixation test 
employed (Dunham and Rake, 1948, Rake, 1948) The antigens from K 
rhinoscleroinatis, E call, and A aerogenes were prepared from the sedimented 
bactenal bodies m the manner desenbed for antigen FB obtamed from K pneu- 
moniae as desenbed elsewhere (Rake, 1948) They were used m the test at a 
dilution of 1 4, at which dilution they were not anticomplementary For the 
antigen of K rhinoscleromatis, strain 3 obtamed through the courtesy of Dr E 
Hoyt, College of Medical Evangehsts, Los Angeles, was used, for the antigen of 
E coll, strain 56 from our own collection was used, for the antigen of A aerogenes, 
strain 884 of the Amencan Type Culture Collection was used In all cases the 
orgamsms were grown on beef heart agar prepared as outhned elsewhere (Rake 
and Oskay, 1948) All antigens were heated m a water bath at 56 C for 1 hour 
before use The sera were mostly from cases of granuloma mgumale, other 
venereal diseases, or chrome superficial ulceration (Dunham and Rake, 1948, 
Rake, 1948) 
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The complement-fixation tests were recorded as 44-, 3-1-, 2+, 1-j-, or 0 fixation 
A serum givmg 2+, 3-1-, or 44- fixation, with no anticomplementary activity, in 
a test m which all other controls were satisfactory, was considered positive 


EESUIiTS 

Table 1 shows the results of complement-fixation tests when antigens prepared 
from if rhtnoscleromaiis, K ■pneumoniae, E coh, and A oeropeTWs are tested with 
human sera and the results correlated with the results obtained with D gran- 
ulomaiis antigen and the same sera 

It will be noted that correlation of negative sera is complete That is to say, 
no serum negative with D granulomaits antigen gave fixation with any other of 


TABLE 1 


Complement-fixation teats using antigens prepared from K rhinoscleromalis, K pneu- 
moniae, E colt, and A aerogencs 



X XHZNO 
SCI^ROUATIS 

UONIAE 

S COLZ 

A A£XO 
CSNSS 

No of sera tested 

47 

68 

55 

55 

Over-all correlation with D granulomatis antigen 

94% 

78% 

69% 

64% 

Correlation with sera positive with D granulo- 
matis antigen 

89% 

63% 

45% 

' 36% 

Correlation with sera negative with D granulo- 
maits antigen 

100% 

100% 

100% 

100% 


TABLE 2 


Irregular behavior of sera in complement-fixation tests using antigens from D granulo- 
matis, K rhinoscleromatis, K pneumoniae, E coli, and A aerogenes 


SES.UII no 

D GRANITLOUATZS 

K RHXKOSCLESO' 
UAHS 

K ^SEUllOmAE 1 

E CO£r 1 

A AESOCENE5 

118 

+ 

— 


— 

- 

165 

+ 

-f- 


1 + 


182 

+ 

— 

-f 




the antigens tested With sera positive to D granulomatis antigen the corre- 
lation varied from 89 per cent with K rhinoscleromatis antigen to 36 per cent with 
A aerogenes antigen, suggesting a closer relationship to D granulomalis to the 
genus Klebsiella than to the other two genera 
If only sera from oases of granuloma mgumale were considered, the positive 
correlation for K pneumoniae antigen rose from 63 per cent to 74 per cent The 
figures for the other antigens were not altered 
In general, sera positive with the antigen giving a lower percentage of positive 
correlation were positive with antigens giving a higher percentage of positive 
correlation Thus sera positive with A aerogenes antigen were positive with E 
coll antigen, those positive with E coh antigen were positive with K pneumoniae 
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antigeu In fact, only three e\ceptions to this rule occurred (table 2) It will be 
seen that in two cases there was a negative reaction with K rhinoscleromahs 
antigen and in one with K 'pneumoniae antigen These negative reactions were 
out of line in that antigens, which m the over-all picture showed less positive 
correlation, were positive in these three cases 

DISCUSSION 

The results of further serological tests presented here demonstrate an antigemc 
relationslup of D granulomaiis to several members of the tnbe Eschencheae and 
support the suggestion made elsewhere (Rake, 1948) that D granuhmatis should 
be included m this tribe If one accepts the degree of correlation m the positive 
sera as a fuither indication of the closeness of such relationship, D granuhmatis 
IS closest to Klebsiella, of the tliree genera tested, and is particularly close to K 
rhinoscleromalis (the presumed etiological agent of rhinoscleroma) The latter 
fact IS of the greatest interest when one recalls the similarities in the etiological 
problems in the two diseases (Rake, 1948) Other investigators have desenbed 
common antigens for K pneumoniae and K rhinoscleromaiis (Moms and 
Juhanelle, 1934, Castings and Smjders, 1936) We have pointed out elsewhere 
the morphological similarities betn'een D granuhmatis and K pneumoniae as 
revealed by the electron microscope (Rake and Oskay, 1948) 

SUMIIAEY 

Sera iixmg complement with an antigen prepared from Donovania granuhmatis 
also gave, in a high percentage of instances, fixation with antigens prepared from 
other members of the tnbe Eschencheae, namely, Khbsiella rhinoscleromatis (89 
per cent), Klebsiella pneumoniae (63 per cent), Escherichia coli (45 per cent), and 
Aerobacter aerogenes (36 per cent) 
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A DEHYDRATED EXPERIMENTAL MEDIUM FOR THE 
MICROBIOLOGICAL ASSAY OF FOLIC ACID 

BERYL F CAPPS, NORMAN L HOBBS, and SERECK H FOX 
Gelatin Products Division, R P Scherer Corp , Detroit, Michigan 

Received for publication March 2, 1948 

This laboiatorj' has employed experimentally a modification of the method 
described by Teply and Elvelijem in “The titrimetnc determmation of ‘Lacto- 
bacillus casei factoi’ and ‘folic acid’ ” (J Biol Chem , 167, 303) in which salt 
solution A and peptone have been onutted from the basal medium and the results 
of grov th are read turbidimetrically after 16 to 18 hours’ incubation Our data 
indicate that the tuibidimetric lesults are not appreciably affected by the 
omission of asparagine, alanine, p-ammobenzoic acid, peptone, and salt solution 
B as suggested by Teply and Elvehjem However, we have omitted only the 
salt solution A and peptone as a routme procedure The laboratory preparation 
of such a medium contaimng so many constituents reqiures a considerable amount 
of time when large volumes are needed at frequent mtervals Also, considerable 
fluctuation m the quahty of this medium has been encountered because of vari- 
ations in the quahty of some of the constituents, particularly the ammo acids and 
the vitamins Commercial availabihty of a standardized dehydrated medium 
that IS quickly and easily prepared is highly desirable m a control laboratory 
where the completion of large volumes of work m short penods of time is 
important 

Some pantothemc acid assay experiments were performed with a dehydrated 
“pantothenate assay broth, exp’l” supphed by Difco Laboratones, Inc , Detroit 
The protocol supphed with this medium mdicated that its composition vaned 
shghtly from that desenbed by Skeggs and Wnght (J Biol Chem , 166, 21) for 
the assay of pantothemc acid The composition of the Skeggs and Wnght 
medium is very similar to that of Teply and Elvehjem The cardmal difference 
between the two media is the ormssion of calcium pantothenate from the former 
Other matenals present m the fohe acid medium but not m the pantothemc acid 
medium, namely asparagme, alanine, and peptone, are those constituents that 
Teply and Elvehjem suggested could be omitted 

Previous experimentation with various dehydrated media revealed the presence 
of a Streptococcus faecahs R stimulating substance which enabled the orgamsm to 
grow m “blank” tubes to which no fohe acid ahquots had been added Irradi- 
ation of the hqmd medium with ultraviolet hght, autoclavmg at pH 1 0 for 30 
minutes at 15 pounds pressure (121 C), and tnple adsorptions with nonte A 
failed to eli min ate these stunulatmg substances without destroymg other essential 
growth factors However, m the apphcation of the foregomg experimental 
pantothenate assay medium from Difco to the fohe acid assay, it was found that 
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S faecahs R would grow if calcium pantothenate and fohc acid were present 
In the absence of fohc acid, good blanks without growth were obtained Maxi- 
mum growth response to fohc acid occurred between the levels of 0 002 ng and 
0 01 ;tg fohc acid ahquots per tube (10 ml) when the optimum concentration of 
0 4: (ig D-Ca-pantothenate per ml were present m the basal medium Several 
satisfactory assays were completed usmg this experimental medium, and the 
results compared favorably with those obtamed by the routine Teply and 
Elvehjem method The range of turbidity values between the highest and lowest 
levels of fohc acid concentration, however, was not so great as that usually 
encountered m our routme assay 

There is evidence to mdicate that this range m the turbidity values might be 
extended by the following changes in the Skeggs and Wnght medium before 
dehydration (1) the addition of 0 4 pg D-Ca-pantothenate per ml basal medium 
(double strength), (2) the substitution of 25 mg sodium citrate per ml basal 
medium m place of the sodium acetate, and (3) the addition of 0 1 mg asparagme 
and 0 2 mg nn-alamne per ml basal medium 

Additional work is m progress to substantiate the value of these suggested 
changes 


SALMONELLA CHANDANS A NEW TYPE ISOLATED FROM’A LIZARD 

W R HINSHAW AND ETHEL McNEtt 
Department of Veterinary Science, University of California, Davis, California 

Received for publication March 11, 1948 

This new Salmonella type was isolated from the mtestme of a normal fence 
lizard {Scelxyporus occidentahs occidentalts) caught m an abandoned buildmg on a 
ranch locat^ on Chandans Creek m Napa County, Calif orma, by Mr Jesse 
Skoss on April 19 , 1947 Salmonella bonarensts was isolated from the same hzard 
The bacterium has the typical cultural and biochemical characteristics of 
Salmonella It is a motile, gram-negative rod Indole was not formed, hy- 
drogen sulfide was produced, and gelatm was not hquefied m 14 days Acid and 
gas were produced m 24 hours from arabmose, dulcitol, galactose, glucose, malt- 
ose, manmtol, rhamnose, sorbitol, trehalose, and xylose Acid was produced 
from glycerol m 2 weeks Inositol, muhn, lactose, raffinose, sahcm, and sucrose 
were not fermented m 40 days Sodium citrate and n-tartrate were utihzed 
Litmus milk was shghtly acid m 72 hours, but became alkalme m 1 week 
Antigemc analysis by the method of Edwards and Bruner (Kentucky Agr 
Expt Sta , Cure 54) showed that the somatic antigen was identical to that of 
Salmonella rubislaw Alcoholized antigens were agglutinated to titer with both 
S rubislaw and Salmonella Senegal antiserums Absorption of these serums with 
S chandans removed all the agglutinins for both of these types Reciprocal 
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absorptiou using S cliandans antiserum removed all the agglutinins for S 
chandans Therefore the somatic antigen for S chandans is XI 

The H antigens were diphasic Phase 1 was agglutinated to the titers of 
Salmonella Oregon, phase 1 (d), and Salmonella iyphi (d) serums Phase 2 was 
agglutinated to the titer of S nibislaw, phase 2 (enx) serum, and it was also ag- 
glutinated hy single factor \ serum 

In absorption tests, S chandans removed all the H agglutinms from S typhi 
(d) serum and from phase 2 (enx) serum for S rvbtsiaw Reciprocal absoiption 
tests using S chandans antiserum verified these results The antigen formula of 
S chandans is XI d, enx 
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SUMMARY 

Salmonella chandans (XI d, enx), a new type, was isolated from the intestine 
of a Pacific fence hzard (Sceloporus occidentahs occidentaUs) , Salmonella bona- 
rensis was isolated from the intestine of the same hzard 


JklEDIA PREPARED BY THE PANCREATIC DIGESTION OF MEAT 

J HOWARD BROWN 

Department of Bacteriology, The Johns Hopkins University School of Medicine, 

Baltimore, Maryland 
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For some years we have prepared a basic broth that has given such general 
satisfaction that we receive frequent inquiries about it We therefore think that 
the method of preparation should be placed on record 

To each 250 g of ground, fresh, lean meat (we use beef heart) add 1,000 ml of 
distilled water and 5 g of sodium chlonde Heat to 50 C and add 2 5 g of pan- 
creatm stirred into a cup of fluid from the above With occasional stirring, digest 
at 50 to 56 C for 2 hours Strain through two layers of fine cotton gauze Boil 
for 5 minutes Filter through coarse filtei paper Restore the volume to 1,000 
ml by the addition of distflled water Adjust the reaction to about pH 7 6 
Bring to boding and filter through paper while hot Check the reaction and re- 
adjust if necessary Distribute into tubes, flasks, or bottles Stenhze in the 
autoclave 

Before this formula was arrived at, we encountered many difficulties such as 
overdigestion, underdigestion, difficult filtration, turbidity of the final product. 
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and lack of nmformity The directions, therefore, had better be followed m 
detail 

The meat is only partially digested, and hence the broth contains proteoses, 
polypeptides, tryptones, and amino acids in amounts shghtly greater than are 
found m a good meat infusion broth prepared from 500 g of meat and 10 g of 
commercial peptone per hter The medium supports excellent growth of Bru- 
cella, gonococci, and other fastidious organisms, and seems to serve aU the pur- 
poses of a good meat infusion broth It may be used as a base for making agar 
or semisohd media In the form of blood agar it gives typical appearances to the 
colomes of the various streptococci, mcluding the double zones of those of 
serological group B 
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Pemcilhnase assay, 801 

— from Staphylococcus, characteristics of, 

801 

— producing bacteria inhibited by pem- 
cillin, 843 

Pentanudine as disinfectant, 27, 33 
phage see Bacteriophage 
phosphatase, staimng method for intra- 
cellular, 307 

— ■ affected by pemcillin, 307 
Pigmentation induced by Staphylococcus ex- 
tracts, 787 

plant antibiotics, 235, 241 
Pneumomtis virus interfering with psitta- 
cosis virus, 627 

Polyammes preventing baoteriostasis by 
diamidines, 33 

Polymyxin assay method, modification of, 
286 

— production, 573 

'olysaccharide formation by Neisseria, 197 


Protozoa, nutrition of, 169 
Pseudomonas species oxidizing aromatic 
compounds, 477 

Psittacosis virus interfering with pneu- 
monitis virus, 627 

Pyocyanin, acqmred resistance to, 139 

Quaternary ammomum compounds do not 
kill spores, 565 

Radioactive phosphorus lethal to Esche- 
richia coll, 705 

Red cell agglutination by influenza virus, 
mechanism of, 823 

— cell extract for cultivating Bacterium 
lularense, 855 

Resistance to ultraviolet increased by pre- 
irradiation, 369 

Rhus hirta, antibiotic from, 607 
Riboflavin production by bacteria increased 
by Bulfathiazole, 833 

Salmonella antigens 1, 2, 3, changes induced 
III, 137 

— chandans n sp , 870 

— memphts n sp , 285 

— O antigens changed by cultivation in^H 

antiserum, 449 

— lypht-murium isolated from ferrets, 419 

— wayeross n sp , 561 

Screemng method for plant antibiotics, 235 
Shigella tiete, characteristics of, 759 
Sodium azide increasing pemcillin action, 
849 

— fluoride affecting mycobacteria, 677 
Spore gernunation, physiology of, 61, 69, 

331 

— gernunation in N-free medium, 753 

— gernunation inhibited by unsaturated 
fatty acids, 495 

— resistance to quaternary ammomum com- 

pounds, 561 

Spores, aging due to oxidation, 753 
— , antigemc structure of bacterial, 373 
— , dormancy of due to inhibitors in media, 
623 

Staphylococci, coagulase-positive, as a 
homogeneous group, 793 
Staphylococcus aureus, acqmred resistance 
of to several antibiotics, 139 

— aureus, subtilin-resistant strain, 463 

— extracts induce pigmentation, 787 
Starch favoring spore germination, 495 

— preventing dormancy of spores, 623 * 

Steroids affecting bacterial growth, 767*^^ 
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Stilbanudine as disinfectant, 27, 33 
Streptococci, nonhemolytic, from endocar- 
ditis, serology of, 393 

Streptococcus bovis, ammo acids inhibiting, 
769 

— bouts, nutrition of different strains, 601 

— salivanus, serology of, 393 
Streptomyces biktniensts, descnption, 323 

— gnseiis producing antibiotic grisein, 739 
Streptomycin assay disturbed by salts, 25 

— detection by paper strip chromatogram, 

231 

— from Streptomyces biftntensis, 317 

— inhibiting formation of adaptive en- 
zymes, 765 

— requiring strain of Mycobacterium ranae, 
459 

— resisting stram of Staphylococcus aureus, 

139 

Subtilin assay method, 545 

— fastness acqmred tn vitro, 463 

Sulfa compounds, bacteriostatic action in- 
creased by neutral chemicals, 277 
Sulfathiazole increasing riboflavin forma- 
tion, 833 

Sulfhydryl enzymes inactivated by cnloriue, 
451 

— group of antibiotics controlling induced 

resistance, 139, 175 

Sulfonamide bactenostasis, cause of delay, 
503 

Sumac, antibiotic from, 607 
Syphilis infection aborted by penicillin and 
bacitracin, 341 


Taxonomj , new code of nomenclature, 287 
Temperature affecting tetanus to-an pro 
duction, 421 

Tetanus toxin production affected by tem- 
perature, 421 

Treponema pallidum affected bj bacitracin 
and pemcdlin, 341, 347 

— pallidum affected by subtilin, 357 
Trichomonas foetus favored by Vtbno fetus, 

85 

— vaginalis requiring two blood fractions 

for growth, 169 

Tryptophan as cofactor for bacteriophage 
adsorption, 637, 651 

— deficiency decreasing effects of encephalo- 

myelitis, 89 

— preventing inhibition by other amino 
acids, 772 

Tween causing bactenostasis, 11 

Ultraviolet, resistance to mcreased by pre- 
irradiation, 369 

Vtbno fetus favoring Trichomonas foetus, 85 
— fetus infecting man, 113 

— oxaltiicus n sp , 359 

Virus diseases diagnosed with electron 
microscope, 45 

— interference pneumonitis vs psittacosis 

virus, 627 

Vitamin recover} from bacterial cultures, 
693 

Yeast, alcohol tolerance, 53 




